The interhemispheric and intrahemispheric coherence of the EEG may provide information on the functional connectivities between brain regions. The present study was designed to explore state-specific changes of EEG coherence during sleep. The nocturnal sleep EEG of 8 young healthy subjects was recorded. The power spectra (averages of five 4-s epochs) and coherence spectra (20-s epochs) between different bipolar derivations were calculated in the frequency range of 0.25-25 Hz. -Intrahemispheric anterior-posterior coherences in nonREM sleep showed distinct peaks in the frequency range of sleep spindles, in the low delta band, and in the alpha band. Coherence was low throughout the entire frequency range in stage 1 and REM sleep. -Interhemispheric coherences of corresponding sites showed an entirely different pattern. Coherence in nonREM sleep was high in the delta, theta and alpha range, and the distinct peaks of intrahemispheric coherence were also present. They were most prominent in the anterior derivations. The pattern in stage 1 and REM sleep was similar to that of nonREM sleep although the typical peaks were absent and the values in the low delta range were lower. -Our results indicate that a state-specific high coherence is limited to distinct frequencies within the low delta, alpha and sigma band.
Dynamics of Steady State Visually Evoked Potential
In this study, we examined changes in the topography of the Steady State Visually Evoked Potential (SSVEP) amplitude and latency while subjects performed the Mental Rotation Task (MRT). Thirty one right handed subjects (18 females) performed a low demand visual vigilance task (VVT) and the MRT while brain electrical activity was recorded from 64 scalp sites. The SSVEP was elicited by a 13 Hz visual flicker superimposed over the visual fields. Compared to the VVT, the MRT was associated with an SSVEP latency reduction in occipital and right parietal sites in the entire group of subjects. To examine performance effects, subjects were ranked by performance and EEG from the 13 highest and 13 lowest performers was separately analysed. Both groups demonstrated prefrontal SSVEP amplitude reductions and central parietal amplitude increases in the 1500 msec following the presentation of an MRT trial By contrast, high performers demonstrated prefrontal, left temporal and occipital SSVEP latency reductions while low performers evidenced no such prefrontal latency reduction instead demonstrating a more sustained latency reduction in right parietal region. We suggest that the SSVEP latency topography may yield information on the coupling between neural systems and that high performance subjects are able to more efficiently couple prefrontal and left temporal neural networks when performing the MRT. Realistic Laplacian (RL) estimator enhances markedly the spatial information content of higly-sampled (64-128 channels) potentials. This estimator uses 2-D thin plate spline function for a mathematical description of human realistically-shaped scalp surface, and spline 3-D approximation (lambda correction) instead of interpolation to regularize the effects of noise and high spatial sampling on the Laplacian estimate.
Performance Improvement of Realistic Laplacian Esti
In the present study we tested the hypothesis that, with respect to the lambda correction, Tickhonov regularization technique could improve the RL estimate performed on both simulated and real 128 channel-sam- Evidence for the existence of two independent prefrontal motor systems is derived from lesion data and PET experiments in humans. The medial premotor system primarily uses internal cues to initiate movement, whereas the lateral premotor system subserves externally triggered movements. Despite good spatial resolution PET activation studies, however, cannot investigate the temporal dynamics of these systems. We therefore made a comparison between pre-and postmovement cortical potentials during self-initiated and visually triggered movements recorded in ten normal volunteers. For self-initiated movements subjects were required to make a brisk extension of the right index finger at regular intervals of 3-4s. During a visual reaction time task left or right index finger extensions were required as responses to visual cues. Extensor EMG, EEG (bandpass DC-70Hz, 28 electrodes) and horizontal and vertical EOG were recorded. The group average data were analysed with Brain Electrical Source Analysis (BESA) proIn addition, sex differences are rarely evaluated. Sixteen healthy subjects (8 men, 8 women) received two times single oral doses of morphine 30mg (modified formulation) and one time placebo in a double-blind, randomized, cross-over design. Topographic pharmaco-EEG mapping (eyes closed) was performed pre +1.5 +3, +6 and + 9 hours. Morphine and glucuronide conjugated morphine plasma levels were determined by RIA at different times. At +9 hours was the time where changes after morphine were more different from placebo. These changes were mainly observed in relative power (increased alpha 1 but decreased slow, alpha 2 and fast activities). Significant differences were observed between sexes (males: decrease of alpha-2; women: decrease of fast activities). "Post hoc" pre treatment comparisons also showed differences between sexes (total spectral power greater and its deviation lower in women; relative power: alpha 2 greater and fast activities lower in women). Drug plasma levels peaked round +3 hours not exhibiting differences between sexes. Results of low opiate concentrations are different from those after anesthetic doses. They showed differences between sexes but male and female presented also different pre-treatment recordings.
Movement-Related Cortical Potentials during
pled EEG. The simulated potentials were generated over a three-shell spherical head model with different levels of signal-to-noise ratio (0 to 80%) , and RL estimate improvement was evaluated with root mean square error (analytical surface Laplacian as a reference). -The real EEG data were human somatosensory-evoked and movement-related potentials modeled over a realistic magnetic resonance-constructed subject's scalp surface model. Simulation experiments showed that the RL estimator performance was significantly better with the Tickhonov regularization than with the lambda correction technique (p<0.05). Similarly, the spatial information content of the somatosensory-evoked and movement-related potential scalp distributions increased clearly when the Tickhonov regularization technique instead of lambda correction was used for the RL estimate.
MUCHMAP (Multicenter Childhood Hyperactivity
Mapping): P300 Topographies of ADHD and Control Children in a Standardized CPT Across Laboratories. -T. Banaschewski*, K.E. Zillesen***, P. Georgiewa**, B. Blanz**, A. Warnke****, A. Rothenberger*, H.-Ch. Steinhausen****, D. Brandeis**** (Dept. of Child and Adolescent Psychiatry, *University of Gottingen, Germany; **University of Jena, Germany; *** University of Wurzburg, Germany; ****Dept. of Child and Adolescent Psychiatry, University of Zurich, Switzerland).
Children with attention deficit hyperactivity disorder (ADHD) have shown reduced target P300s in Continuous Performance Tests (CPTs), but small Ns and differences in ERP recording, tests and diagnostic criteria allow no firm conclusions about the brain processes involved. The present multicenter ADHD mapping study is based on standardized ADHD diagnostics and mapping in a CPT N-X test evoking distinct P300 microstates during target processing. -Map series (20-channel ERPs) in a standardized CPT ("A-X" or "N-X" targets, 10%) were averaged for cues, targets, distractors and nontargets in each laboratory for ADHD (N=12,13,12) and control groups (N=9,12). We will examine whether a) Topographic and Global Field Power differences between target and nontarget evoked P300-type microstates are replicable across laboratories, and b) Differences between ADHD and Control groups (Global Field Power of cue-evoked P300 microstates) are replicable in pooled ADHD and control groups. -Further work should clarify whether distinct brain processes reflect the dimensions of ADHD or the typical comorbidities associated with ADHD.
Quantitative Electrophysiological Comparison between Schizophrenia and Dementia of Alzheimer
Type. -M. Bassiouny (Dept. of Psychiatry, Faculty of Medicine, Zagazig University, Egypt).
Neuropsychological testing of schizophrenic patients reveals that a significant portion of this population exibits varying degrees of cognitive impairment. Disturbances of the EEG power spectrum have been reported in schizophrenia, but patterns of disturbances were inconsistent. Several brain mapping studies demonstrated distinctly more delta and theta and less alpha and beta activity in dementia. P300 is markedly attenuated or absent in schizophrenia but patients with a variety of disorders characterised by cognitive dysfunction show reduced P300.-The aim of this study are the electrophysiological (QEEG and P300) differences between schizophrenia and dementia of Alzheimer type (DAT).-20 Patients with schizophrenia and 10 patients with DAT were included in the study. The patients were diagnosed according to ICD-10 research criteria. EEG data were collected using 19 electrodes placed in accordance with the international 10/20 system, referenced to linked earlobes. P300 was obtained by testing patients on a two-tone auditory related potential (ERP) paradigm.-The schizophrenic patients in comparison with DAT patients have less delta and theta and more alpha activity especially temporo-occipitally, interhemispheric power asymmetry with more power on the left side in all bands and hypercoherence which is fronto-temporal in theta and alpha bands, and posterior-temporal in alpha and beta bands. Both schizophrenics and patients with DAT have small amplitude and prolonged latency of P300.
gram. -For self-initiated movements a dominant source in the left medial frontal region (SMA region) was detected from 1300 ms before EMG onset (readiness potential) peaking 120 ms after movement. One precentral source contributed mostly to the negative shift 400 ms before EMG onset peaking at movement onset. During visually triggered movements no medial pre-movement activity was detected for correct responses. For error responses, however, a large negative potential (error negativity) arising in an area deeper than the SMA dipole (posterior area 24). In addition contralateral sources in the precentral (hand motor) regions were detected from 100 ms before movement onset. -Topographical EEG proved a unique technique to study the temporal dynamics of the prefrontal motor systems in humans, and can therefore usefully supplement the spatial resolution of PET.
and index of omissions in target was found (Rho=0.42, p=0.004, and 0.31, p=0.04, respectively) . In patients, higher commission index correlated with more posterior locations of positive centroids in segments 3 and 4 in target, and omission index correlated with more anterior positive centroid in segment 6. Visual evoked potentials, elicited during Continuous Attention Task were examined in 25 schizophrenic patients and 25 healthy volunteers. In patients much higher index of omissions (0.33+/-0.17 vs 0.04+/-0.04, U=7.5, p<0.00005), commissions (0.03+/-0.05 vs 0.01+/-0.01, U=123.0, p=0.032) and longer reaction time (498+7-65 vs 547+/-58, U=133.0 p=0.016) were found. Adaptive segmentation of ERP grand average revealed 6 microstates. In patients, Global Field Power (GFP) was lower in nearly all segments in nontarget condition, and in segment 2 [132-216 ms] and 3 [218-276 ms] in target condition. The delayed peak of GFP in segment 2 correlated with higher omission index (Rho=0.30, p=0.04). Contrary to the control group, in patients an increase of GFP in target included not only the 5th [420-486 ms] and 6th segment, but also segment 1 [56-130 ms] , 3 and 4 [276-420 ms] . Only in controls shortening of latency of GFP peaks of segments 4 and 5 in target was observed. In patients a correlation between latency of these peaks The topographical distribution of phasic steady potential changes (SPSs) accompanying spatial processing has recently been investigated by Rosier et al. (1993 Rosier et al. ( ,1995 and Bauer et al. (1994) . Both studies revealed occipito-parieto-temporal activity (negativity) maxima and less activity with good performers compared to poor performers. The latter study also demonstrated the time course of these potentials: Negative potentials gradually became pronounced during the variable processing time (8 sec to 2 min.) and decreased slowly after responses. -Detailed inspection of this post-response activity resolution revealed better resolution with longer inter-trial intervals (ITIs). It is this observation that pointed against an artificial origin, e.g., electrode drift, of the gradually increasing negativity during cognitive processing. It also made the overall tonic steady potential change appear as the sum of trial-related phasic changes that did not get resolved during ITIs. The fact that all observed changes were restricted to cortical areas involved in processing additionally supported this interpretation. -As far as the genesis of these potentials is concerned, the results point to a dual generator model: Firstly, neurons generate a more or less rectangularly shaped phasic potential change during the actual processing. Secondly, another generator, activated by the neuronal one, makes this phasic change appear as an asymmetric triangle and also produces the tonic component, both because of its 'leaking integrator' properties.
Spatial Analysis of ERP during Continuous Attention
In general, it is difficult to determine the number of sources that contribute to measured MEG-data. In the presence of noise one has to divide the eigenvalue spectrum of the covariance matrix into a signal subspace and a noise subspace. One can determine the number of sources from the dimension of the signal subspace. Mosher et al. (1993) used a simple method of plotting the eigenvalues of the covariance matrix and determining the threshold by visual inspection. This is often possible because there is a distinct change in slope in the plot. They also referenced a more sophisticated statistical method for determining the signal subspace proposed by W. Chen et al. (1991) . -For this paper, we constructed the covariance matrices for different source locations, added gaussian random noise and formed the spectrum of the eigenvalues. We investigated the behaviour of the statistical test proposed by W. Chen et al. and of a test proposed by Xu et al.(1994) which uses the Lanczos-algorithm to reduce the amount of calculation. Their approach allows one to decide after each iteration step if the calculated eigenvalue belongs to the signal subspace. The iteration process can be stopped when the whole signal subspace is determined. For the evaluation we used different signal-to-noise ratios and analysed how to choose the threshold for the method proposed by Xu et al. Finally, we applied the tests to measured data to see if they are practical.
Spatio-Temporal Search for the Oddball Response. -P. Berg*, M. Scherg**, R. Kakigi***, S. Koyama***, C. Dobel* and E. Zobel* (*University of Konstanz, Germany; **University of Heidelberg, Germany; ***NIPS, Okazaki, Japan).
A pattern search method is described which can be used to search for recurrence of signals, such as spikes, eye movements, or ERPs. The method utilizes both topographic and temporal properties of the template by defining the first n PCA components (topographies) and their characteristic waveforms. A test range in the data is multiplied by the H. Buchner*, A. Rienacker**, G. Knoll** and R. Pohlmeier* (*Dept. of Neurology RWTH Aachen, Germany; **Institute of Machine Elements and Tribology Gh Kassel, Germany).
When dealing with inverse problems occurring in EEG/MEG analysis one has to solve underdetermined sets of equations since the number of unknowns outnumber the observations. One concept to treat this problem is to add information to the system so that the resultant functional (J=A+XB) can be minimized. The Tikhonov-Philips regularization subjoins to the observations (data term A) additional constraints for the source model (model term B) by a Lagrangian multiplier. In CAUCHY the model term can be a L2 (continues or discrete), LI or minimum entropy norm. Each norm has specific properties concerning the dipole localization, the appropriate equation solver and the computation time so their use is problem dependent. Furthermore the Lagrangian multiplier has to lie in a certain range to find a suitable proportion of data and model term in the chi-square sense ensuring a reasonable dipole source reconstruction. An investigation was carried out comparing different norms for the model term applied to a realistically shaped head model. It showed that the calculation time was least for the (linear) L2 norm, followed by the (nonlinear) norms LI and minimal entropy. For the used distributed dipole load best results were produced with the LI norm.
topography matrix, to generate n test waveforms. A pattern match occurs when the correlation between the concatenated test and pattern waveforms exceed a threshold. -The method was tested on continously recorded 64-channel EEG and 74-channel MEG data from one subject performing an oddball task in multiple sessions, and in EEG data from a group of 12 subjects in a similar task including novels. Averages for each stimulus type were used as patterns to search for individual occurrences in the raw data. For EEG, average, CSD, and linked ear references were compared. Correct detections (pattern synchronized to correct stimulus type) and false alarms (no synchronization to a stimulus) were recorded. -In the single subject data (EEG average reference and MEG), and in group responses to novels, pattern search detected over 70% of the oddball responses. MEG showed overall less false alarms and a better detection of responses to frequent auditory stimuli.
Results from the group data show a correlation between signal-to-noise ratio and detection rate. spectrum over a period of around 20 sec at the beginning of a seizure. 2) Determination of the dominant frequency point in this spectrum. 3) Determination of the epoch with the maximum power for this frequency. 4) Localization of the sources of this frequency. In most of the cases a dominant power peak was found in the delta-theta frequency range and the localization was in the correct temporal lobe. The method might help to identify epileptic foci with higher precision than other functional imaging methods such as ictal SPECT, because the high temporal resolution of the EEG allows to differentiate between seizure onset and propagation. from resting and 10 2-sec-epochs after stimulus presentation were spectral analysed. We present results of the EEG-reactivity to the first sentence and first tone, measured as arithmetic difference of the 5.5-8 Hz and 8.5-10 Hz mean power between post-stimulus and resting. Controls reduced power in both frequency bands significantly after the first sentence and first tone with an age-dependent predominance of either the 5.5-8 Hz or 8.5-10 Hz band, respectively. LD children showed no significant reactivity to sentence and a significant reactivity to tone only as measured with the 5.5-8 Hz band. The results suggest a "LDspecific" style of updating of working memory. It is suggested that the distractible behavior of children with learning disabilities (LD) without medical symptoms reflects attention deficits due to developmental retardation. We follow the hypothesis that information-induced changes of the brain's electric field (EEG reactivity) reflect the update of working memory elicited by the memorydriven pre-attentive operations underlying allocation of attention (M. Koukkou et al: A psychobiological approach to the pathogenesis of schizophrenic symptoms. Int. J. Psychophysiol. 10:203-212,1991) . Thus, LD children may show deviations of or a developmental gap in the brain's processes underlying allocation of attention which can be manifested in the characteristics of EEG reactivity. We tested this hypothesis by comparing the EEG reactivity to auditory information of 13 year old LD children (n=10; 9 boys, 1 girl) with the EEG reactivity of three normal control groups: sex-and age-matched children (n=10), children who are two years younger (n=15; 7 boys, 8 girls) and children two years older (n=18; 11 boys, 7 girls). 19-channel EEG was recorded during resting and after presentation of short sentences and tones. 20 2-sec-epochs Vector Time Series: a Numerical Study with Application to Prestimulus Brain States. -S. Brautigam*, S.J. Swithenby* and AJ. Bailey** (*Open University, Milton Keynes MK7 6AA, UK; **MRC Child Psychiatry Unit, London SE5 8AF, UK).
EEG-Reactivity in Learning Disabled
We have investigated the relationship between visually evoked responses and prestimulus brain states. In contrast to the approach used in J.P. Eckmann and D. Ruelle (Rev Mod Phys 57(3):617,1985) , we have evaluated (local) brain states according to dynamical features within a suitable prestimulus interval. Magnetic brain activity was measured in 7 volunteers using the Neuromag 122 (TM) system at HUT (Helsinki), which supplies a 2-vector time series at each location. Dynamical invariants were extracted from these vector time series. Following J.P. Eckmann and D. Ruelle (Rev Mod Phys 57(3):617,1985) , we implemented algorithms to consistently treat n-vector measurements within a nonlinear framework. These measurements allow higher embedding dimensions than scalar series without reducing the number of points available in phase-space. The implementation provides estimates of dynamical characteristics, e.g., generalised dimensions, as well as methods to evaluate nonlinearity and determinism (H.D.I. Abarbanel et al. Rev Mod Phys 65(4):1331 ,1993 . We report a numerical study of both noise and short data segments. Preliminary analysis of the MEG data might indicate a link between evoked field strength and prestimulus class. -This work was supported by the EPSRC, MRC (UK) and BIRCH facility (HUT). In order to evaluate the usefulness of MEG-based techniques in lateralizing and localizing the epileptogenic area, spontaneous and methohexital-induced spikes were studied in a group of 15 patients with temporo-mesial epilepsy using a 37-channel neuromagnetometer. Source location analyses based on a spherical head model were performed using a moving dipole model and a rotating dipole model. The volume of each patient's head was subdivided into equidistant cubicles of 8 ccm. Cubicles containing a certain amount of source locations were projected onto the individual MRI scans. In 3 of the 15 patients no spike activation was observed in the MEG recordings after methohexital administration. Only in 3 of the 12 patients exhibiting spikes source location analyses resulted in source locations within or close to the primary epileptogenic area defined by the invasive presurgical evaluation. For the remaining patients no consistent source locations were obtained. These and the results obtained from visual analysis of methohexital induced spike densities in both invasive electrocorticography and MEG indicate that spikes generated in deep temporomesial structures may escape the MEG registration. In order to improve measurement conditions, whole head MEG systems are promising. The developed finite element code CAUCHY is capable doing forward calculations as well as inverse reconstructions of dipoles within realistically shaped head models. The prerequisite finite element mesh is automatically generated from 3D-MRs with CURRY (Philips, Hamburg) . Visualization of segmented compartments, meshed structures and results is also done in CURRY. The forward solution with CAUCHY is able to consider local differences in conductivity, anisotropy and dipole sources of variable strength and direction with or without normal constraint, i.e., perpendicular to the individual geometry of the segmented cortex. Dirichlet and/or Neumann boundary conditions can be considered. For all dipole sources in the influence space a lead-field matrix containing the cause-effect relation is build up to be used for many inverse calculations since it is independent of time, measured potentials or specific source configurations. The inverse solution accounts for noise, can depth weight sources and calculate transient solution. The implemented algorithms can be divided in two strategies, namely the combinatorial optimization techniques and regularization methods. To look for a limited number of (focal) dipole sources simulated annealing can be applied. This leads in conjunction with the Truncated Singular Value Decomposition to robust solutions. CAUCHY offers Tikhonov-Philips regularization with continuous and discrete L2 norm, L1 or minimum entropy norm which can be computed within a few minutes. Microstates of the brain can be investigated with EEG-segmentation procedures. According to the theory they represent the underlying geometry of field generating elements. Alterations of segments due to aging and their usefulness for the differential diagnosis between patients with dementia of the Alzheimer type (DAT) and with endogenous depression were studied here. 22 young controls, 10 aged controls, 27 patients with mild dementia of the Alzheimer type, 10 young and 11 old patients with endogenous depression free of medication affecting the CNS were included in the study. EEG data with the frequency band between 1 and 24 Hz was digitally stored and analysed by using common segmentation and spectral power parameters. A split half cross reclassification function of the different diagnostic groups was carried out. We wanted to find out whether classification of psychiatric diseases is possible and which variables are discriminative. -For the patients with DAT versus healthy aged controls we found an average correct reclassification with 8 segmentation parameters of 96% (96% 20 Spectral Parameters), for the old patients with endogenous depression versus healthy aged controls 86% (91% SP), for the young patients with endogenous depression versus healthy aged controls 94% (93% SP), for the patients with DAT versus the old patients with endogenous depression 89 % (96% SP) and for the young controls versus the old controls 94 % (96% SP). -Thus, a high discriminative power in the differential diagnosis of depression, dementia and normal healthy controls could be observed, when segmentation and spectral power parameters were used. The high accuracy of the classification could be a useful tool in the diagnostic process. Preliminary results of our QEEG mapping study in 16 drug-free obsessive-compulsive (OC) patients showed a reduction of the slow alpha, with respect to healthy subjects. This abnormality was associated with neuropsychological slowness on tests exploring executive control. The present study was aimed at confirming these observations in a larger sample of patients and examining the relationships of QEEG characteristics with symptoms and neuropsychological performance. The study was carried out in 26 DSM-IIIR OC patients and 23 sex-and age-matched healthy volunteers. Patients completed a two week washout period beforeassessment. The QEEG was recorded from 16 unipolar leads referred to the linked earlobes. Log transformed absolute and relative power values were examined for eight frequency bands. Psychopathological evaluation was carried out using the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) and the Hamilton Depression Rating Scale (HDRS). Patients were also administered a battery of neuropsychological tests exploring attention, memory and executive functions. Accuracy and speed indices were correlated with QEEG variables. The results confirmed a reduction of the slow alpha in OC patients with respect to controls, that was statistically significant when excluding patients with a score >16 on the HDRS. In agreement with previous results, the slow alpha showed a negative correlation with the speed index on tests exploring executive control. Introduction: Structures within the medial temporal lobe, particularly the hippocampus, have long been implicated in human episodic memory. The same structures are known to generate EEG in the theta frequency range in animals. The aim of this experiment was to investigate the time course of changes in the human theta rhythm during a word recognition memory task. -Method: EEG was recorded at 28 scalp sites from 15 subjects while they performed a word recognition memory task. Event-related desynchronisation of the current source density was calculated in the theta frequency range. -Results: In the period 125-250 ms after the visual presentation of a word, theta power increased by an average of 13% compared with the pre-stimulus baseline period and this increase was more than twice as great for repeated words (18%) as for new ones (8%). Although the greatest synchronisation in theta was seen in the temporal areas (30% above baseline at T5/6) the greatest difference in synchronisation to new and repeated words occurred in the central frontal scalp region (FZ/CZ). -Conclusion: These results show that there are short duration changes in the human theta rhythm associated with recognition memory which are measurable at the scalp and have a distinct topographical distribution. A new method for mapping the motor cortex by transcranial magnetic stimulation has been developed. It uses a 3D digitizer to measure, the position of the stimulation coil on the scalp in a cartesian reference frame defined by anatomical landmarks. This feature has several advantages: it allows the precise measurement of the coil's position and angular orientation and it facilitates the comparison of results from different laboratories as well as the superposition of the maps on MR images. The reproducibility of the method was found to be 3mm for center of gravity (CoG) coordinates and 20% for map areas and normalized volumes, for a single map. Data is now being collected from patients with amyotrophic lateral sclerosis (ALS): one or two muscles of the left upper limb are mapped at approximately 3 months intervals to study the evolution of their cortical representations. So far, 6 patients have been included in the study. The results are discussed in terms of changes in CoG position, area and volume and their correlation with the clinical picture. Using the event-related potential of word fluency task (WFT), we tested the hypothesis that frontal abnormality in the regulation of thinking may account for the aetiology of schizophrenia. 20 male pa- Introduction: It is well known that repeated words elicit a more positive event-related potential than previously unseen words (i.e., the 'repetition effect'), but no comparable effect has been reported in the background EEG. The aim of this experiment was to determine whether there was a 'repetition effect' in the alpha frequency range using the method of event-related desynchronisation. -Method: EEG was recorded at 28 scalp sites from 15 subjects while they performed a word recognition memory task. Conventional ERPs were compared with event-related desynchronisation of the current source density in the upper and lower alpha frequency ranges. -Results: There was evidence for repetition effects in both upper and lower alpha in the temporo-parietal regions in the period 700-1000 ms post stimulus onset. These changes are later and have a different topographical distribution to those seen in the ERP repetition effect. In upper alpha, the repetition effect was on the left whereas for lower alpha, it was on the right. That is, the upper alpha changes were lateralised in the expected manner, but the lower alpha changes were in the opposite direction. Event-related potentials (ERPs) were recorded as subjects silently read a set of correct colour-word sentences and incorrect non-colourword sentences (e.g., "the tomato is red/*stupid"). We examined aphasic patients with minor comprehension deficits and patients with severe comprehension deficits as well as neurologically unimpaired elderly and young controls. Every subject was tested twice. We observed a stability of the N400 effect (first versus second examination). In addition we investigated how ERP patterns of aphasic patients differ from those of other subject groups.
Magnetic Source Imaging of Methohexital-Induced Epileptiform Patterns in Temporal Lobe
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sions: There was clear evidence for word repetition effects in the alpha frequency range which differed in timing and localisation according to the frequency range considered.
Usefulness of an Average Brain Atlas in Electric Brain
Topography. -R. Casanova*, J. Riera*, T. Harmony**, E. Barroso***, A. Fernandez-Bouza**, E. Aubert*, W. Korin*, A. Evans**** and P. Valdes* (*Cuban Neuroscience Center, Habana, Cuba; **Universidad Nacional Autonoma de Mexico, Mexico; ***Instituto de Neurologia y Neurocirugia, Habana, Cuba; ****Montreal Neurological Institute, Montreal, Canada).
Initial uses of Distributed Inverse Solutions (DIS) did not restrict sources to the cortex and other structures. There has been much recent interest in using such neuroanatomical constraints, these obtained from each individual's MRI (Dale and Serenol993; Valdes et al. 1995) . However this type of solution requires a high resolution and carefully aligned MRI being performed for each subject examined. Valdes et al. (1993 Valdes et al. ( ,1995 and Riera (1993) recently proposed an approximate solution to DIS in which an average brain atlas developed by Evans et al (1992) at MNI serves as a priori information for DIS. This presentation further extends this method and examines the localization accuracy of the solutions by use of statistical neuroanatomical constraints as compared to those obtained by individual MRIs. In recent studies we disclosed significant differences in microstate duration and topography between mild or moderate AD patients and elderly healthy controls. On this basis, we compared the resting EEG microstates of 39 mild or moderate AD (69.1 ± 6.8 years), 19 AAMI (67.8 ± 8.2 years), 39 normal elderly (67 ± 9.8 years), and 18 normal young subjects (31.8 ± 8.2 years), our hypothesis being that EEG spatially adaptive segmentation can be a useful tool for differentiating among these 4 groups. Only in microstate spatial configuration a significant "classification" emerges: at the anterior centroid position (sagittal direction, p<0.01), young controls are very anterior, elderly controls and AAMI patients more posterior, and AD patients very posterior; at the posterior centroid position (sagittal direction, p<0.001), AD patients become very anterior, AAMI more posterior, and young and elderly normals very posterior. As young and elderly controls differ only at the anterior centroid, and AD is characterized by precocious damage of posterior temporo-parietal, and, later, of frontal structures, one could argue that the above global descriptors are "markers" of an evolutionary process from physiologic ageing to early degenerative dementia. The flash P1 and pattern reversal P100 VEP components from the sparsely cholinergic primary visual cortex are normal in Alzheimer's disease (AD) groups compared to groups of age equivalent controls, while the flash P2 component from the richly cholinergic visual association cortex is selectively delayed. The selective P2 delay is not found in other forms of dementia, but in AD groups it increases over time, parallelling dementia severity. The consistency of such findings across various laboratories and recording techniques raises an important question of diagnostic utility: To what extent is a selectively delayed flash P2 pathognomonic of AD in individual patients? To address this question, sensitivity and specificity were calculated for a range of possible cutoff scores on blind data from 45 AD patients and 60 elderly controls. Assuming that sensitivity and specificity are equally valuable, cutoff scores were chosen to maximize their sum ("accuracy"). To include recordings using different physical reference electrodes all data were converted to a common average reference system. Simplified, nontopographic methods were used to identify components. Compared to controls the AD group had significantly delayed P2 components whether measured from the P1 (p<.0031) or the P100 (p<.0005). However, the classification accuracy for the P1-P2 (65%; sensitivity 80%; specificity 53%) and for the P100-P2 (69%; sensitivity 60%; specificity 75%) were too low to add meaningful information to the McKhann diagnostic process. We studied the origin of the spontaneous alpha rhythm in the human brain by a combined use of a whole-cortex neuromagnetometer and MRI. Spontaneous brain activity was recorded from eight human subjects asked to rest in relaxed wakefulness. MEG measurements were conducted for one year and a half. Introduction: In amputees with phantom limb pain the 60 ms TEF generator is shifted into the deafferentated 3b hand area (Nature 375: 482). To differentiate late intracortical from earlier thalamocortical remapping mechanisms a comparison to the primary cortical TEF is needed. Earlier MEG studies identified a 20 ms component while electrocorticography and scalp SEP indicated a primary 13 ms response. Here, an eventual M13 TEF is investigated. -Methods: The lower right lip was electrically stimulated (9/sec monophasic 100 s squarewave pulses, 2x sensory threshold, 8000 averages) using a concentric electrode (kathodal center, anodal surround) for minimizing electric interferences and muscle coactivation; alternatively, a bipolar bridge electrode was used with pulses of alternating polarity. Early SEF were mapped (5 subjects; 2-1500 Hz analog filter; 4 kHz ADC) over the left face S-I area using 49 axial first order gradiometers (70 mm baseline) on a planar triangular grid (30 mm spacing). -Results: In 5/5 Ss the TEF tients and 10 male controls in adult age (20-45 years) were recorded with 31 ch. EEG by the NeuroStim/Scan System in 4 series: [a] remembering letter-word associations, [b] reciting the words, [c] recalling the words by the letter cues, and [d] generating words by the letter cues. Subjects read a list of letters or words on computer screen while EEG was recorded. The onset of speech was detected by the speech waveform and incorporated into the EEG file for back averaging of ERP. Laplacian derivation on the ERP was conducted to reduce the reference effect, volume conduction, and enhance the local radial EEG signals. Laplacian topography of the pre-speech ERP during WFT showed: (1) enhanced bilateral frontal activity at early -500 ms, (2) reduced bilateral temporal activity between -400 to -320 ms, (3) reduced parietal and occipital activity between -230 to -130 ms, and (4) reduced prefrontal activity between -230 ms to the onset of speech, in patients than controls. Differential frontal and temporal activations between the patients and controls were also clearly observed during the word-recall and wordrecital tasks in the pre-speech ERP. This study indicated that regulation of thinking before speech in ERP during recital, remembering, and word generation was dysfunctional, relative to controls, in the schizophrenic patients. These differences in ERP showed a distinct spatio-temporal patterning. The cohort of neural network differentiation in cortical activities may account for the schizophrenia than the frontal dysregulation alone.
From Youth to
Diagnostic Utility of VEP Changes in
MEG Characterization of Spontaneous Alpha
both field map patterns and location of the estimated source were stationary within determined intervals of time. Dipole analysis was considered satisfactorily only if the estimate could be done with error of fit smaller than 12% within such intervals of time. The position of the dipole did not vary considerably and belonged to the same cortical site which was identified by superimposing in MRI. We identified two cortical sites where the alpha rhythms might be generated: the calcarine fissure (four males) and the parieto-occipital sulcus (three females). -Fast Fourier Transform applied to overlapping time windows, traced the evolution of the spectral energy in the 8-13 Hz range during the time and revealed that the activity recorded was significantly different between the two hemispheres. MEG recordings and animal investigations have indicated that AEPs partly are generated in the temporal lobe. However, MEG does not permit an unique localization. Since increased neuronal activity is followed by blood level oxygenation dependent contrast changes fMRI on the other hand allows non-invasively to estimate activated brain regions with high spatial resolution. Aim of the present study was to investigate which brain regions were activated by the AEP paradigm and if the localization of activation in fMRI correlated with the one of dipole sources of the AEP components. AEP recording: 32 channels (Neuroscan Inc.). Stimulation: 1000 Hz tone with a repetition rate of 1/sec. Functional imaging was performed using a multislice GE EPI pulse sequence at 1,5 Tesla. fMRI analysis was performed using crosscorrelation of the dynamic time course. In the MRI the same acoustic stimulation was performed as for the AEP. AEP dipoles were calculated using a spatiotemporal dipole model (BESA). FMRI showed a activation of primary and secondary auditory cortex, this activation correlated with the reference curve. FMRI showed a high spatial, whereas AEP demonstrated a high temporal ability to separate cerebral components elicited after acoustical stimulation. Thus, both methods complement each other and may therefore increase the clinical value of AEP.
Functional
Correlation Between Intracerebral Equivalent EEG Generators and Cerebral Glucose Metabolism. -T. Dierks*, V. Jelic**, P. Julin**, M. Shigeta****, S. Valind, K. Maurer*, B. Winblad**, L.O. Wahlund** and A. Nordberg** (*Dept. of Psychiatry, University of Frankfurt, Germany; **Alzheimer Research Center, Karolinska Institute, Sweden; ***Uppsala PET-Center, Sweden; ****Dept. of Psychiatry, Jikei University, Tokyo, Japan).
Synaptic biochemical processes are the main consumers of cerebral glucose. The synaptic glucose consumption is related to the amount of excitatory and inhibitory postsynaptic potentials (EPSP and IPSP). EPSP and IPSP are the main neuronal processes contributing to the scalp recorded EEG which consequently should be coupled to the cerebral glucose metabolism. Results of conventional quantitative EEG analysis in the frequency domain are dependent on the recording reference and does not allow to draw any conclusion regarding local brain activity of underlying brain structures. The EFT approximation allows the estimation of intracerebral generators of EEG-frequency-bands. It has been debated if these EEG generators have any physiological meaning or are just descriptive parameters. In 65 subjects FDG-PET and EEG were performed. The correlation between glucose metabolism in defined cerebral structures and the localization and amplitude of intracerebral EEG generators was calculated. The anterior-posterior relation of glucose metabolism correlated significantly with the localization of alphaand beta-EEG-generators. Left-right asymmetries of glucose metabolism correlated significantly with EEG localization especially in cortical structures. The amplitude of EEG generators correlated highest with temporo-and parietal glucose metabolism. The results indicate that the localization of intracerebral EEG generators estimated by the FFT approximation reflects local cerebral energy metabolism.
waveforms contained a M13 deflection/notch preceding the M20. Pulse polarity alternation and the concentric electrode reduced interferences; however, only 1/5 M13 maps was overtly dipolar while 4/5 were contaminated with artifacts of presumed muscular origin. In Alzheimer's disease (AD) increased slow and reduced fast wave activity and an anteriorization of alpha-and beta EEG-generators together with shorter and more anterior localized EEG-microstates have been described. For optimal treatment of AD a diagnosis in an early stage is necessary. For this purpose it would be optimal to investigate subjects who later will get the disease but do not yet show symptoms. Members of the Swedish family with a mutation of codon 670/671 of the APP-gen on chromosome 21 (one of the rare known genetically determined AD) who have the mutation will eventually suffer from AD. We investigated the EEG of healthy members of the family with and without the mutation using the FFT approximation to assess the intracerebral EEG-generators in the frequency domain and microstate segmentation to assess EEG-changes in the time domain. Target variables were the ones known from prior studies of AD. The aim was thus to elucidate if similar patterns of EEG-alterations can be seen in a preclini- The only available functional neuroimaging methods reaching the time resolution of human information processing are EEG and MEG. Since spectral analysis implies analysis of longer time epochs, the high temporal resolution of EEG is partly lost. By dividing the EEG in the time-domain into segments of similar spatial distribution on the scalp (microstates) it has been possible to assess patterns of neuronal activity representing the information process currently performed by the brain. In the present study alterations of EEG microstates in subjective (n=31) and objective (n=38) memory impairment as well as in probable Alzheimer disease (DAT: n=64) compared to healthy controls (n=21) were investigated. The main findings were reduced segment durations and a more anterior center of gravity of the microstate topography in DAT. With more pronounced cognitive dysfunction larger window sizes were found. Shorter microstates and larger windows reflect more rapidly changing spatial activation patterns, and are interpreted as an impaired capability to establish stable brain states necessary for normal Spatiotemporal ERD/ERS in Parkinson Patients. -J. Diez*, G. Pfurtscheller**, F. Reisecker*, B. Ortmayr** and K. Zalaudek** (*Krankenhaus der Barmherzigen Briider, Dept. of Neurology, Graz-Eggenberg; **Ludwig Boltzmann-Institute for Medical Informatics and Neuroinformatics, TU Graz, Austria).
EEG-Microstates in
Thirteen right-handed patients with Parkinson's disease (PD); mean age 63 years) were studied and compared to a control group of 14 subjects (mean age 61). Concerning akinesia in the PD patients six cases showed no predominance, three cases a slight, one a severe predominance on the left side, and three patients suffered from right Hemi-Parkinson. The subjects were seated in a reclining chair with their eyes closed and were asked to press a button on a joy stick with their thumb briskly every 12-15 sec without counting. The EEG for each hand was recorded separately with a sampling frequency of 100 Hz containing approximately 60 trials each. The data from each subject, triggered according to movement onset and offset, were filtered and ERD / ERS calculated. It was found that for right thumb movement in the 6-8 Hz band the ERD was larger and more widespread in PD as compared to the control group. The difference was largest on electrode FCz overlying the premotor area and SMA. In the beta band (20-24 Hz) the ERD was slightly larger in the control group's pre-movement interval at electrode PCz. In the post-movement interval of left thumb movement, beta ERS was much larger on electrodes C3 and C4 in normals as compared to PD patients. The analytic solution of the potential distribution in an N-shell spherical volume conductor model for the case of the general dipolar current source position Q=Q(r_0, phi_0, theta_0) has been derived. Simulations for a multi-compartment head model show that the computation of the potential distribution at observation points near source points, e.g., on the cortical surface, need Legendre functions of high degree and order. For a practical implementation and an improvement in the speed of convergence for the series expansion, a renormalisation technique was applied. For a 2 shell spherical volume conductor model the renormalisation is accomplished by subtracting the potential distribution, expanded into a Legendre series, of mirror sources. Finally the closed solution of the potential distribution is added again. Thus the number of expansion coefficients to desribe the potential distribution with a certain predefined accuracy is reduced significantly. For a most general spherical volume conductor model the method of mirror sources can not be applied. However, a renormalisation using a dipole in a homogeneous spherical head model still reduces the number of expansion terms.
Convergence Acceleration for the
cal stage of the disease. We found the same pattern of EEG-alterations in the healthy familymembers with the mutation compared to members without the mutation as in AD-patients compared to healthy subjects, however, less clear. This finding indicates that EEG may be used for early detection of AD.
Engineering, University of Technology, Graz, Austria; **Biomagnetic Center Twente, University of Twente, The Netherlands).
It is well known that the EEG is a blurred and spatially low-pass filtered representation of the cortical activity. Since additional recording electrodes will not necessarily lead to an improved spatial resolution, further steps have to be taken. We derived the analytic downward continuation of the scalp potential field to an arbitrary inner surface for a spherical volume conductor model with piecewise constant conductivities. The basic idea of the Analytic High Resolution BEG (AHREEG) is the fact that a function defined on a sphere can be expressed as a weighted sum of spherical harmonics. Considering the spatial transfer function between the cortex and the scalp surface, the potential distribution on the cortex is theoretically computed by the application of the inverse transfer function to the scalp potential field. Compared to source localization procedures, the AHREEG is not based on any source distribution or on the nature of the sources. Furthermore the proposed method is unique, though ill-posed. Due to this fact and the fact that real world data are always contaminated by noise, a regularization based on general cross validation is performed to stabilize the inverse solution. Simulation results as well as the application of the AHREEG to EEG recorded during median nerve stimulation will be presented and critically discussed. Source modeling of scalp-recorded spike and seizure potentials offers a non-invasive means of localizing epileptogenic foci in candidates for therapeutic resective surgery. However, the accuracy of dipoles based on spherical head models has been questioned. -We compared in three patients dipole models of temporal lobe spikes using both three sphere and realistic boundary element (BEM) head models (Curry). The latter were obtained from head MRI segmentation. Localization of foci were confirmed by simultaneous scalp and intracranial EEG. -Dipoles based on BEM more accurately reflected epileptogenic cortical sources identified during invasive monitoring. Spherical head models resulted in dipoles which were mislocated 1-3 cm in the Z (vertical) direction. When projected in the patient's MRI these sometimes appeared erroneously in the frontal lobe. Spatio-temporal dipole models (BESA) reflected cortical sources more accurately than single moving dipoles, when spike propagation was present and when repolarization of the initial source temporally overlapped depolarization of later sources producing a misleading composite voltage field. -Realistic BEM head models improve the accuracy of dipole models of spike sources from the temporal lobe and most probably from other basal sources. They should be used whenever dipoles are co-registered with brain MRI images for clinical interpretation. Video EEG has proven to be give unique information on ictal dynamics in various brain areas. This information has high temporal resolution, but the localization of the electrical activity is poor. We have developed a multimodal study protocol for evaluating the location of the activity. The system is based on completely digital video EEG and MRI data. The EEG potentials are recorded from 32 to 64 electrodes, including the standard 10-20 system. Additionally to a diagnostic brain MRI, a whole-head MR imaging sequence is used producing good anatomical information. The real locations of EEG electrodes are made visible in MR scans by using appropriate markers. We have developed a PC-based software for combining the MRI and EEG data. It consists of a semiautomatic image segmentation module, a finite difference element computation algorithm for localization of the electrical sources, a spline Laplacian algorithm and a graphical 3D environment for displaying the results. We have tested the program modules and applied the complete protocol to four patients. Although the complete set of image processing and source localization takes more than 10 hours when using an ordinary PC, it is possible to obtain the multimodal information during the stay of the patient in the video EEG department. A total of twenty patients with alcohol dependency (DSM IV) and ten healthy subjects were investigated with a 21-channel EGG, while performing a Continuous Performance Test (CPT). This task includes the execution (Go-condition) and the inhibition of a prepared motor response (NoGo-condition). Reference independent topographical descriptors (centroids) were used to describe the locations of the evoked potentials (ERPs) associated with the Go-and NoGo-conditions in a P300 range. In the NoGo-condition, the positive centroid was located more anteriorly compared with the Go-condition in both, healthy subjects (p<0.00001) and alcoholics (p<0.000000001). Based on source locations with LORETA, this anteriorization may be explained as an activation of frontal brain regions necessary to inhibit the prepared motor response in the NoGo-condition. The NoGo-anteriorization was present in every single subject of both groups and more pronounced in the alcoholic group than in controls (p<0.05). This was due to a more posterior centroid location in alcoholics after the Go-stimulus. These findings are discussed in relation with the clinical characteristics of the patients. In conclusion, there are indications for an alcohol-related alteration of the brain electrical field maps during the execution but not during the inhibition of a prepared motor response. The results are a convincing validation of the reference-independent topographical analysis methods proposed by Lehmann (1987) .
Cortical Imaging
Go-and
(AEF) has a sensitivity of brain responses to features of patients with hearing loss. Brain activity was recorded from the contralateral hemisphere to the stimuli in 12 control subjects and in 8 patients with high tone hearing loss. Three aspects of activity were examined: (1) the source of dipole localisation of AEF (>200 ms), (2) The CSD at the same time of AEF and (3) the corresponding characteristics of the latency of this components in control subjects and in patients. It is apparent that the latency of AEF components >200 ms is dependent on stimulus intensity. The dipoles depiction of this components in patients are displaced and the recognition of words could be clearly found in the source localization. Also latent shifts of the AEF components could be detected. Identification of cortical areas after the different auditory stimulation may allow a specification of the role that these regions play in perception of pure tone stimuli and word stimuli, especially in patients with high tone hearing loss. content were observed in the microstate from 182-230 msec. When only ERPs of the most positive and most negative words were analyzed, additional effects were found in the microstate from 122-182 msec and from 230-294 msec. We conclude that during word processing, a spontaneous emotional evaluation takes place in an early time range, and that with increasing strength of the emotional stimuli, the processing difference becomes earlier and longer-lasting. We test the hypothesis of close relationships between degrees of psychopathology in schizophrenic patients vs EEG activity and EEG reactivity. Fifteen newly admitted patients with productive schizophrenic symptoms were rated with the AMDP system before (day 1) and after 7 and 28 days of treatment with low-dose fluphenazine. At the same day 19-channel EEG recordings were performed during resting and after presentation of auditory stimuli. Twenty 2 second epochs of resting EEG and ten 2 second epochs after each stimulus were spectral analyzed. Mean power was computed for different frequency bands. For each recording day, the values of the AMDP syndromes were dichotomized by using as criterion the mean between the highest and lowest value. For each syndrome of each recording day, we tested for differences in EEG activity and EEG reactivity between patients with higher (H) and those with lower (L) syndrome values. We report results of the syndrome "hallucinatory-disintegrative": We found significant EEG differences between the two degrees of hallucinatory disintegrative symptomatology. These differences, mainly in 5.5-8.0 Hz and 8.5-13.0 Hz power, were more pronounced at day 1, and were clearer in the EEG reactivity. Group H showed lower power in 5.5-8.0 Hz during resting, and reduced reactivity in 8. The aim of the present study was to search for the brain electric signature of negative and positive emotions during word processing. Without further instruction, 21 subjects observed a random sequence of emotionally positive and negative words on a computer screen while a continuous 27-channel-EEG was recorded. Based on the subjects' individual ratings of emotional content, ERP map series were computed for positive and negative rated words. The ERP field configuration displayed already previously observed periods of quasi-stability (microstates) that are assumed to correspond to basic information processing steps. Comparing successive maps of the grand mean data, the moments of maximal field change were identified and yielded the latency of the microstate borders. The brain field maps were averaged within each microstate and for each condition and compared with a 100% statistical power Monte-Carlo-randomization-test based on the global dissimilarity measure of brain maps. Significant effects of emotional The computational overhead of using the analytical form afforded by a spherical model for the conductivity of the head is considerably lower than the one in numerical models like BEM and FEM. The latter are mainly used for computer simulations while most applications still use the sphere model due to its simplicity. There are occasions where departure from spherical symmetry is essential for example when one wishes to study the activity from deep generators close to the centre of the head (e.g., the thalamus). For such cases it is unclear whether the full numerical description is necessary. We have recently shown that it is probably only necessary to describe approximately how the break away from spherical symmetry is achieved using the homogeneously conducting spheroid model. The forward solution of the magnetic field of the spheroid is given as a series expansion of Legendre polynomials (Cuffin / Cohen). We will describe how the spheroid can be applied for the forward and inverse biomagnetic problem, outline numerical techniques which we have employed to stabilize and speed up the computations, present the convergence behaviour of the expansion and discuss the benefits with computer generated examples for state of art sensor arrangements. In Congenital Hypothyroidsm (CH), despite early treatment some children develop neurological and intellectual deficits at later ages. We studied the EEG parameter modifications in 40 CH children: 18 of these patients (14 females, 4 males, age ranged between 6-18 years) were diagnosed clinically and further confirmed by measuments of serum T4, T3, TSH (group A) while 22 subjects (18 females, 4 males age ranged between 6 and 13 yrs) were detected by a screening program (group B). 20 Children matched for age, sex and socioeconomic state constituted the control group. The groups A and B were also subdivided in two groups on the basis of age (group A: 9 subjects with an age range between 10-14 yrs, 9 with age range between 14-18 yrs; group B: 15 with age between 6 and 8 yrs and 11 with age range between 9-13 yrs. All patients were submitted to 10 minutes of EEG at rest, eyes closed. For each EEG 100 artifact-free epochs were analyzed via Fast Fourier Transform. We considered the following parameters: absolute and relative power and coherence of delta (0.4-3.9 Hz, theta 4-7.9 Hz, alpha 8-11.9 Hz and beta 12-30 Hz) frequency bands. Alterations of EEG parameters were present in both groups but especially in the young population of group A were we found a significant modifications of absolute power and coherence of theta frequency band. We will discuss the importance of coherence modifications particularly in reference to the Central Nervous System's maturational development.
Brain Electric Fields and Degrees of
EEG Modifications in Children with
Koukkou et al. A psychobiological approach to the pathogenesis of schizophrenics symptoms. Int. J. Psychophysiol. 10: 203-212 (1991) . Psychophysiol. 18,1994:49-65) . LORETA is a distributed solution to the inverse problem of electrophysiology. LORETA analyses based on multichannel whole-night sleep EEG recordings were performed for the delta (0.75-4.5 Hz), theta (6.25-9.0 Hz) and sigma (12-15 Hz) frequency ranges, respectively. For each band, averages and standard deviations of activity were computed at each voxel in the different sleep stages. Differences between stages and bands were then assessed by statistical parametric maps. -Generators corresponding to frontal cortical areas generally displayed a progressive activity increase with the intensification of nonREM sleep (from stage 1 to 4), but this at distinct frequencyspecific locations. It was also observed, by visual inspection of 3D tomograms of consecutive 8-s epochs, that during REM sleep the generators change location frequently between frontal, occipital, temporal and parietal areas, whereas more stable patterns are observed in deep nonREM sleep. -According to our results, LORETA appears to be a promising tool for the investigation of processes underlying sleep regulation. While continuously recording multichannel EEG (27 electrodes), Geneva, Switzerland; **Dept. of Linguistics, University of Geneva, Switzerland; ***Neuropsychology Unit, and Functional Brain Mapping Laboratory, University Hospital, 1211 Geneva, Switzerland).
LORETA Solutions for the
Temporal Analysis of Electric
Event-related potentials (ERP) studies of language processing have shown that two different components of evoked potentials are elicited following semantic (N400) and syntactic (Syntactic positive shift; SPS) violations. The aim of this study was to compare the spatio-temporal activity patterns during processing of sentences containing these two types of violations by means of multichannel ERP recordings. Fifteen normal right handed French native subjects were presented sentences visually (one word at a time for 200 ms). These sentences were either correct or semantically or syntactically (number, gender and tense) incorrect. Subjects decided whether the sentences were correct or not by giving a delayed motor response. 41-channel ERPs (sampled with 500 Hz) were collected during this task, and surface potential maps over time and subjects were statistically compared between the different conditions. These comparisons revealed topographic differences in the potential distribution at several latencies ranging between 350-800 ms. Separate analyses of each syntactic violation type showed varying latencies: tense (400-450 ms), person (300-350,750-800 ms) and number (700-800 ms). The implication of these latencies differences for language processing will be discussed. (Supported by the Programme plurifacultaire at the University of Geneva and by the Swiss National Science Foundation grant No# 31-42571-94).
reports of spontaneous mentation were collected from 19 normal subjects which gave brief accounts of their thoughts upon hearing a prompt tone presented randomly, 20 times during the 1 hour recording session. Following the recording, subjects self-rated their reports as pleasant or unpleasant. After FFT bandpass filtering (2-20 Hz) and artifact editing, two sec of EEG immediately preceding each prompt were analyzed into a series of momentary potential distribution maps and segmented into time periods of quasi-constant map landscapes called microstates. The brain maps at moments of maximum global field power within the last microstate preceeding the prompt were further analyzed and assessed by the locations of the centroids of the map areas of positive and negative potential, and by locating the electric neuronal activity with LORETA. Pleasant vs unpleasant cases were compared. -A significant difference was found between mean centroid locations of the last microstate of the two sec epoch preceding the report across subjects for the two emotional states (paired Wilcoxon tests). A statistical parametric mapping (SPM) analysis based on LORETA showed higher activity during unpleasant thoughts in anterior and especially in right anterior brain areas. -The statistical procedure used here illustrates how both methods complement each other: first, comparing scalp potential features and assessing a significant difference between conditions is established, then the location of these differences within the brain is assessed with LORETA. Higher levels of the nervous system process information and generate coordinated actions in task-specific, effector-independent ways. Evidence for such 'motor equivalence' in the brain, however, is largely lacking. Does brain activity follow the task requirements or the kinematic phase of the coordinated action? To answer this question, we had subjects performing four separate task conditions following a paradigm introduced by Kelso to study sensorimotor coordination in conjunction with measures of brain activity: 1. flexion of the (preferred) index finger between two consecutive beats of a metronome (at IHz); 2. extension of the index finger between two consecutive beats; 3. flexion of the index finger synchronized with the beats; 4. extension of the index finger synchronized with the beats. These conditions can be grouped according to coordination requirements: syncopation or synchronization with a metronome, or with respect to kinematics: flexion or extension movement. -Simultaneous measures of brain activity (MEG), obtained from a full-head array of SQuIDs, were recorded and an analysis of the spatiotemporal dynamics of the brain performed in relation to different task requirements and kinematic features. Results indicate the presence of pronounced motor fields in all four tasks, that are highly correlated to the velocity of movement. When the motor field is removed from the data, we see strong evidence for purely task-specific brain activity.
ency. Due to volume conductor shielding effects MEG gradiometer systems have an increased sensitivity to tangential superficial sources. This leads to an improved signal-to-noise ratio (SNR) and a larger specificity for this class of generators, whereas EEG data generally contain more information from deep and radial sources and thus reveal more complicated field patterns. -The demands for volume conductor modeling are more severe in the electric case, since the secondary volume conductor potentials are measured and realistically shaped three compartment models are adequate. These can be modeled by the Boundary Element Method (BEM) derived from individual anatomical MR-data. In the magnetic case, where volume currents only shield the magnetic fields of the primary generators, more simple spherically or realistically shaped one compartment models are sufficient. -We present a common framework for both EEG and MEG data based on the sensor noise statistics, determined from signal free latency intervals. -The electric potentials are strongly influenced by the absolute conductivity values of the head, whereas the amplitudes of the magnetic field depend only very slightly on them. Different approaches to overcome this problem are discussed. -As example application several reconstruction algorithms (multiple dipole fits, cortically constrained deviation scans and current density distributions) are applied at different latency ranges to a 65 electrodes SEP and 31 channels SEF study (electric medianus nerve stimulation). The advantages of the combined evaluations with increased specificity, stability, and spatial resolution are shown by comparison to single modality results. Combination of bioelectric and biomagnetic data into unified reconstruction algorithms promises to benefit from the advantages of both modalities. EEG measurements can be carried out with an optimized electrode arrangement and exhibit nearly equal sensitivities for tangentially and radially oriented sources with a small depth depend- Neuropsychological models of panic disorder have hypothesized a dysfunction of temporo-hippocampal circuits. In the present study, electrophysiological and neuropsychological indices sensitive to functional and structural temporo-hippocampal abnormalities were assessed in a group of patients with panic disorder (PD) and one of healthy controls. The study was carried out in 12 patients with a DSM-IHR diagnosis of PD and 12 age-, sex-and education-matched healthy controls. Patients completed a two week wash-out period before the assessment. All subjects were right-handed. Event-related potentials (ERPs) were recorded from 13 leads during a visual target detection task. Stimuli were consonant pairs, projected on a screen in front of the subject. Target stimuli were same-name consonants. ERP components An increase of the slow alpha frequency band following neuroleptic administration has been reported in both animal and human studies. We have shown that changes in the slow alpha band after a single dose of a standard neuroleptic were negatively correlated with modifications of scores for both the positive and disorganization dimensions in schizophrenic patients. According to our findings, the slow alpha increase is predictive of a favourable clinical response to treatment with the same drug, in both chronic and first-episode schizophrenics. As a matter of fact, 21/23 patients were correctly classified in the former group and 11/13 in the latter. Neuroleptic induced slow alpha modifications reflect downstream effects of the complex interactions between the drug and its sites of action. The data will be discussed in the light of new hypotheses concerning neuroleptic regulation of cortico-striato-pallidothalamic-circuitry. The EEGs for mentally retarded children of school age (n=46), learning disabled children (n=26), children with migraine (n=14), hyperactive children (n=14) and children with fine motor disturbances have been analyzed at 8 locations. Age-standardized values with respect to a sample of normal school children were then computed, to make results at various ages comparable. Mentally retarded children show severe deviations mainly in the delta-and theta-band, and also with respect to the topographic distribution in these bands. Learning disabled children have a similar pattern, but smaller deviations from the norm. The migraine group has significantly smaller alpha-1-power, and some topographic differences. The hyperactive children are rather close to the norm except for the beta-1-and beta-2-band. The clumsy children show no relevant deviations from the age norm. Coherences have also been computed, but lack so far a clear interpretation. Dyslexia is defined as a disorder manifest by difficulty in learning to read despite conventional instruction, adequate intelligence and sociocultural opportunity. Reading is mediated by parallel and widely distributed modular systems. There are multiple loci where dysfunction may lead to developmental dyslexia. However, learning to use this system requires awarness that words are comprised of a series of speech sounds (phonological awarness) and the knowledge of how to convert letters (graphemes) into these speech sounds (phonemes). Studies with ERP, PET and fMRI suggest that the left inferior frontal lobe (Broca's area) is important in phonological reading. In the left inferior parietal lobe (gyrus angularis) and left temporal lobes differences in activation of normal and dyslectic subjects are founded. In a visual ERP-Study (electrodes attached according the 10/20 system) 8 right-handed dyslectic children diagnosed in terms of IQ-discrepancy were compared with 7 matched normal reading children. The same children were investigated with a 1.5T MR-System. In MRT the children viewed blocs of frequence-matched words and fixation crosses. For the ERP-study we also used pronounceable nonwords (33 %) and additionally the word-length as experimental variable. The major anomalous ERP-feature of the dyslectics waveform of words was an accentued late positiv peak (500-900 ms) most pronounced over left frontal and temporal electrodes. For all groups of stimuli (crosses, nonwords and words) the amplitude differences were significant for the P3 (350-380 ms) over the left electrode positions. The ERP-feature revealed by long nonwords showed a smaller P2-component (250 ms) over the whole scalp. Presentation of words in MRT resulted in a hyperactivation (higher blood flow) for the mediale nuclei (nucleus caudatus, thalamus) and the area of Broca of dyslexics. The results are interpreted in the context of dysfunction of left cortical language areas of dyslexics during phonologic processing.
Source Reconstructions from
Comparison of Normal to
were identified by a principal component analysis and then amplitude and latency measures were carried out by a semiautomated cursor method. The neuropsychological test battery included tests sensitive to fronto-subcortical and to temporo-hippocampal dysfunction. PD patients showed a significant reduction of the late positive complex (LPC) with respect to healthy subjects. Furthermore, they were significantly impaired on the Corsi's Block Tapping Task exploring visuospatial memory. These findings support the hypothesis of a dysfunction of the temporo-hippocampal circuits in PD patients.
Knowledge-Based Neuroimaging of Dynamic Function. -J.S. George (Biophysics Group, Los Alamos National Laboratory, Mail Stop D454, Los Alamos, NM 87545, USA).
The fundamental challenge in neural electromagnetic source localization is the ill-posed nature of the inverse problem. In the general 3-D problem, multiple current configurations can be found to account for any observed potential or magnetic field topography. Solutions can be found by adopting restrictive parametric source models as in spatiotemporal dipole fitting; however, even low-order models present formidable optimization problems. We have explored techniques to address these concerns: procedures such as MUSIC which systematically assess a metric; global optimization engines such as genetic algorithms; and multi-start gradient descent techniques. Current reconstruction procedures such as minimum norm, FOCUSS or LORETA provide more general and flexible models of current configurations, however they require the estimation of many more parameters than the number of available measurements. Such algorithms must incorporate explicit or implicit assumptions about the desired solution: for example to find a current distribution that has minimal power, or is compact, or is maximally smooth. These techniques may profitably employ knowledge of neurophysiology or individual anatomy to reduce the number of parameters to be estimated or to constrain their values. We have recently developed a Bayesian technique for source estimation that allows more general source models without requiring the estimation of all underlying parameters, and provides a statistically valid method for incorporating and assessing the consequences of knowledge-based constraints. Most importantly, the method provides an estimate of the probability of neural current for each location within the reconstruction volume, across all possible solutions. The electromagnetic theory allows to prove that potentials measured on the scalp surface depend exclusively upon the irrotational part of the intracranial primary current distribution. This fact is used in this study to propose two alternative approaches to constraint the bioelectric inverse problem to search for the measurable part of the currents. In the first approach, the primary current vector at each brain site is considered as the unknown but the currents are constrained to fulfill the irrotationality condition. In the second case, departing from this condition it is proved that the inverse problem for the visible currents can be reduced to the determination of a scalar field (the divergence of the primary currents) and thus that additional constraints regarding the orientation of the sources are unnecessary in this formulation. It is shown, that the second approach is not only computationally advantageous (the amount of unknowns is considerably reduced) but also that the Green function associated to this problem shows better properties which leads to a better posed inverse problem. According to the Poisson Absence of Auditory N1 in Children. -H. Gould*, D.F. Rose** and R.E. Greenblatt*** (*University Memphis; **University Tennessee, Memphis, TN 38105; ***Source / Signal Imaging, San Diego, CA 92102, USA).
Constraining the Bioelectric Inverse Problem to the
We have compared auditory event related potentials from 10 healthy adults (ages 20-30) and 20 healthy children (ages 5-12) and have observed clear differences between adults and children in the 75-250 msec latency range, including the absence of an auditory N1 in children. 880 hz 30 msec tone bursts were presented unilaterally (ISI random between 0.5 and 1 second), using insert headphones. The data were recorded continuously from 62 scalp electrodes + 2 eye movement electrodes, digitized, filtered from DC to 40 hz, averaged off-line following artifact rejection and baseline correction, and analyzed using surface Laplacian topographic maps and linear source estimation. All adult Laplacian maps showed a prominent N1 maximal sink in the midline frontocentral scalp region with a latency of 100-115 msec, corresponding to the conventional Nl, associated with a generator in the contralateral temporal region, oriented in the posterior/inferior direction on source maps. In contrast, the children's Laplacian maps show a prominent frontal source in the latency range 95-120 msec, corresponding to a voltage positivity. The estimated generator for this peak has a contralateral temporal location similar to the adult, but the children's principal generator orientation is opposite that of the adult. The consistent absence of auditory Nl in children under these stimulus conditions and its consistent presence among adults may be a useful marker of cortical maturation. The determination of the generators of the brain electromagnetic activity imposes the task of solving a severely ill-posed inverse problem Different inverse solutions, all equally compatible with the measured data, could lead to different or even contradictory conclusions about the generators and it is generally difficult to decide in favour of one or the other solution. In this work, we discuss the possibility of obtaining insights into brain functioning by answering questions which do not rely upon any inverse solution but that have instead a definitive answer from the measured data. These questions are well posed in the sense that any possible inverse solution yields to the same conclusion or answer. Using the theory of Hilbert spaces, sufficient conditions for a unique determination of the answer to these questions are derived. The general case of noise contaminated data is discussed, extending the existent theory for linear functional to the case of quadratic functionals. Concrete examples of such questions are identified and the methodology to be followed for the analysis of clinical data is presented. (Supported by the Swiss National Science Foundation Grant PNR38 No. 4038-044081). equation, the magnitude which is sought after in this approach is proportional to the Laplacian of the potential in depth and equivalent to the source and sink distribution inside the brain. Considering that extremely valuable results have been obtained in animal experiments where this magnitude has been estimated from depth recording, it is concluded that physiologically meaningful and mathematically more robust results can be obtained by considering this second approach to the inverse problem. Possible additional constraints for the case of biomagnetic measurements are discussed. -Supported by the Swiss National Science Foundation Grant PNR38 No. 4038-044081. Backus-Gilbert theory (BG) has proved to be a valuable tool in the solution of inverse problems in many fields. The method aims, for a fixed experimental design, to obtain the best possible resolution on each brain site, producing the best estimators that we can get with a linear solution in absence of a priori information. However, some serious numerical drawbacks can arise with BG method in specific situations and besides the extension of the method to the estimation of vector fields is conceptually inconsistent with the original philosophy of the authors. In this work we propose to introduce a method termed Weighted Resolution Optimization (WROP) to deal with these difficulties of the original BG. In practice, the method minimizes a predefined and flexible measure of resolution to obtain solutions with optimal resolution kernels. Recent simulations carried out in the bioelectromagnetic inverse problem using different variants of this method, suggest that meaningful results can be obtained in the determination of the intracranial generators of the scalp recorded electric/magnetic responses. In the present investigation we present a brief theoretical description of this method and we also include a more direct physiological validation approach, by applying WROP method to the study of clinical data (e.g., visual evoked responses). -(Supported by the Swiss National Science Foundation Grant 32-37819.93 and PNR38 No. 4038-044081). This work exposes some of the basic limitations of linear reconstruction methods in the context of the bioelectromagnetic inverse problem. It is shown that the underdetermined character of the problem provokes the impossibility of reconstructing even blurred versions of arbitrary current distributions. The main drawbacks inherent to linear inverse solutions, i.e., ghost or spurious sources, high spatial blurring, suppression of real sources and maxima not coincident with the actual source position, are shown by computer simulations (using LORETA) and justified by new theoretical results. On the basis of the model resolution matrix, measures are constructed to evaluate the performance of linear inverse solutions. The results of this analysis show that sources located far from the detectors will be hardly reconstructed by linear methods due not only to the underdetermined character of the problem but also to the physical laws relating electromagnetic fields to their sources. It therefore appears unlikely that a three dimensional tomography of brain activity can be based on linear reconstruction methods withouth the use of significant amount of a priori information. Previous EEG studies have shown an early negativity around 200 ms after onset of the critical word in a syntactic violation condition which was realized as a word category error. This waveform was statistically significant in the channels covering left frontal areas. This component is assumed to be related to the detection of syntactic violations. -Five normal male volunteers (25 to 35 years) were taking part. All were healthy, right-handed and native speakers of German. During the experiment the sentence material including correct sentences (50%), semantically incorrect sentences (25%) and syntactically incorrect sentences (25%) was presented binaurally as connected speech to the subjects. For the magnetic field recordings we used the BTi Twin Magnes (2x37-channel) system covering fronto-lateral sites of both hemispheres. Magnetic Field Tomography (MFT) analysis revealed an early activation (about 140 ms after onset of the critical word) in the syntactic violation condition which was localized in the area of the auditory cortex. Activation in the Broca area was observed in the syntactic violation condition with a maximum at about 180 ms after onset of the critical word. Deep activity in the left hemisphere was identified in some of the subjects between the early auditory activation and the Broca activation. The problem addressed in this paper is how confident we can be that a fitted source distribution (derived by any method) represents the experimental data acceptably. The method proposed produces a map which shows the confidence in the source distribution at each point in the imaging region. The method can be used to test whether a solution obtained with a given model (e.g., two stationary dipoles) is adequate or should be replaced by a more complex model. -This paper extends the bayesian approach to the biomagnetic inverse problem described in C.J.S. Clarke (Inverse Problems, 10:77-86,1994) . In this paper, a gaussian distribution centred on a zero prior current density is combined with a probability distribution derived from experimental measurements. The resulting a posteriori probability density is used to find both the most likely current distribution and error bounds. This paper derives error bounds for a non-zero prior (e.g., a localized source model) which indicates the acceptability of the model. -The paper contains examples to illustrate the effectiveness of the method. In all of the examples the hypothesis that is tested is that the data can be adequately described by a best fit two dipolar solution. The test data will be both computer derived (one, two and three localised sources plus correlated and uncorrelated noise) and experimentally derived, from a visually evoked response study. On the basis of neuropsychological and psychophysiological evidence we have proposed that one critical feature of hypnosis is frontal inhibition, which underpins the suspension of reality testing, critical judgement and planning ahead, and the increased suggestibility and automaticity (Gruzelier, QJM, 1996) . Here we examine the influence of hypnosis on error-related negativity and error-related positivity using a Stroop-like task in 23 subjects classified according to level of hypnotic susceptibility. Hypnotised subjects showed no dimunition of error negativity to incorrect responses, the magnitude of which tended to be consistently higher in high susceptibles independent of hypnosis or baseline condition. However, specific to the hypnosis condition there Source localization procedures using realistic volume conductor models based on MEG or EEG data require knowledge of the in vivo tissue resistivities of the head. The aim of this paper is to examine the influence of tissue resistivity changes on the neuromagnetic field and the electric scalp potential. A high resolution Finite Element Method (FEM) model (452,162 elements, 2 mm resolution) of the human head with 13 different tissue types is employed for this purpose. The first finding was that the magnetic fields are sensitive to changes in the tissue resistivity in the vicinity of the source. In comparison, the electric surface potentials are sensitive to changes in the tissue resistivity in the vicinity of the source and in the vicinity of the position of the electrodes. The second finding was that the magnitude (strength) of magnetic fields and electric surface potentials is strongly influenced by tissue resistivity changes, while the topography is not as strongly influenced. Therefore, an accurate modeling of magnetic field and electric potential strength requires accurate knowledge of tissue resistivities, while for source localization procedures this knowledge might not be a necessity.
An Inverse Solution with Optimal Resolution Proper
Optimal Multidipole Time Series Direct Solution for
A Bayesian Test for the Acceptability of a Given
Differential Influences of Hypnosis on Error-Related
was an absence of error positivity in high susceptibles. Intact and higher amplitude error-related negativity in high hypnotic susceptibles supports the well documented superior attentional abilities of high susceptibles which are shown here to be maintained in hypnosis. Nevertheless the absence of error positivity implies the absence of context updating. This is in keeping with many parallels between hypnosis and dreams where there is an absence of temporality, such that there are no associative links with a time frame with the result that things are experienced in the present detached from direct sensory experience.
of an iterative solution method to find the optimal position, combined with a direct linear solution at each sampled data time point, if the dipole is free to rotate. De Munck (EEG J. 1990,77:156) has proposed an iterative solution for fixed dipole orientation. Here we demonstrate that the fixed dipole problem may be posed as the minimization of a bilinear function, permitting a direct solution for the dipole time series. Represent a dipole time series q(t) = (a(1),..., a(n), b, c) for time samples l,...,n, where (a(1),..., a(n)) are the successive dipole magnitudes and (1, b, c) represents the renormalized, fixed dipole moment. Then the forward solution may be expressed as a bilinear function of the components of the q(t) vector. If the chi square surface in the neighborhood of the minimum can be adequately approximated by the second order term only (the Hessian matrix), this may be combined with the bilinearity property to permit function minimization by conventional linear inverse techniques. We present an explicit functional solution to this problem, along with a numerical implementation to study the stability of the solutions for single and multiple dipoles, Quantified Spike Detection in ECoG Using TEMPLAS Software. -G. Hellmann***, H. Stefan** and M. Spreng* (*Institute of Physiology I, University Erlangen-Niirnberg, Germany; **Centre Epilepsy Erlangen, Dept. of Neurology, University ErlangenNiirnberg, Germany).
Introduction: TEMPLAS is a new spike detection software. The results of this program can be used to quantify spike distributions and to compare the results gained from pre-and post-resection interictal ECoG recordings. -Methods: The TEMPLAS software performs a crosscorrelation for all channels, after a graphoelement of interest has been selected. The position of local correlation peaks are collected in an event list. From 10 patients with temporal lobe epilepsies the ECoG had been investigated. All records are analysed by the TEMPLAS software and visually by two experts. For each recording the maximum spike rate is compared. -Results: The spike lists of the TEMPLAS program can be used for various visualizations (spike distribution over time, spike density, latency and propagation diagrams and relations). A high correlation threshold (0.94) classifies over 60% of all spikes and over 95% of all non-spikes correctly. Typical technical artifacts can be eliminated. Regarding the maximal spike rate, the TEMPLAS software is able to find the same leading channels compared to the visual evaluation. The range of maximum spike rates lies between 0 and 37 spikes per minute. The trend of spike rate reduction is the same for TEMPLAS and experts. -Conclusion: The presented method is flexible and can be used for various epileptic activity. TEMPLAS is a valueable tool to quantify, monitor and document epileptic activity.
Spike Detection TEMPLAS NT Designed for Clinical
Use. -G. Hellmann***, T. Bohmer*, H. Stefan** and M. Spreng* (*Working Group Byocybernetics, Institute of Physiology I, University Erlangen-Nurnberg, Germany; **Center Epilepsy Erlangen, Dept. of Neurology, University Erlangen-Nurnberg, Germany).
Introduction: Based on the results of evaluation with the TEMPLAS software which performs a single channel template matching spike detection the process of clinical usage was investigated in order to design a simple and easy to use program. Methods: The whole detection process is a strict sequence of three phases. Firstly, the user selects and defines one or several averaged templates interactively while multichannel signals are presented. Then all necessary configuration parameters are defined like threshold, channel selection or storage characteristics. Confirmed setup starts the detection phase where the template matching is performed according to the configuration. Results can be presented in various forms as well as export in ASCII format is provided. The programm runs under windows NT. -Results: Comparing existing TEMPLAS version and the new design the following advantages are obtained: a strict sequential process, reduction of total processing time, unique window solution, easy usage, speed up of processing when using a workstation cluster, user defined presentation of results, and support of standardized exchange based on the extensible biosignal (BBS) file format. -Discussion: A provided interface for data aquisition for any A/D converter enables online detection of highly sampled EEG while detection quality is improved using expert knowledge. Cognitive event related potentials were examined in two groups of developmental dyslexic boys (mean age 11 and 13 years) and two langen-Nurnberg, Germany; **Centre Epilepsy Erlangen, Dept. of Neurology, University Erlangen-Nurnberg, Germany).
Standardized Exchange of Biosignals and Related
Introduction: Mapping of functional results into structural data becomes more and more important. Therefore all necessary information needs to be exchanged. On base of the standardized extensible biosignal file format necessary attributes had been specified. -Methods: The variable header of the existing format is a sequence of attributes. New attributes are specified like coordinate defining systems, contour lines, images, transformation matrixes, imaging events, stimulation setups, multi-dimensional type-defined events, dipole events. The representation forms of the data part are extended by new datatypes like 8 and 24 bit datatypes and Huffman encoding. -Results: The new freely available specification is 50 pages long including references and index. The existing functionality of the format like high speed processing, networking, or random access is untouched. Moreover images, coordinate systems, various stimulation setups and mapping results can now be described, stored and exchanged in standardized manner. The new and existing compression methods reduce the data volume for archiving issues and are implemented. New biosignal viewers make already use of new attributes and datatypes. Viewers are now available for DOS, unix, linux, window 3.1 / 95 / NT. -Discussion: The format is in close discussion at the European Commisssion for Standardization (CEN) and is used within several European projects as well as international manufacturers started its integration. We are suggesting two new methods to include a priori information about brain activity (e.g., from PET or fMRI) into linear inversion procedures by optimizing the corresponding averaging kernels. Averaging kernels, introduced to linear inverse theory by Backus and Gilbert, give an intuitive as well as quantitative measure of how possible sources at arbitrary locations in the source space may influence a linear estimate. In the Target Resolution Optimization (TROP) method, the difference between an averaging kernel and a target function is minimized in the least squares sense. For example, by choosing this target function to be peaked (with either positive or negative sign) around the locations of interest, this allows to combine (i.e., to add or to substract) activity from distinct brain regions. In the Weighted Resolution Optimization (WROP) method, a generalized spread of the averaging kernel is minimized. In the minimization process, the weighting function is enlarged in specific regions to suppress contributions from possible sources in this regions to the estimate. This allows to separate activity from distinct brain regions within the general resolution limits. The performance of these methods is illustrated simulating MEG analysis with the BTI 148-sensor configuration on a three-dimensional source space. To automate sleep stage scoring, the system SASCIA (Sleep Analysis System to Challenge Innovative Artificial Networks) was developed. There were two aims for our study: Besides automatic sleep stage scoring the hypothesis should be tested whether information in only one EEG channel (C4-A2) was sufficient to automatically generate sleep profiles that are comparable with profiles by sleep-experts on the basis of at least three channels EEG (C4-A2), EOG and EMG. The main components of the sleep analysis system SASCIA are designed to flexibly adapt to the interindividual differences of the sleep EEG. The core of the SASCIA system consists of neuronal networks. Supervised learning was implemented and the experts' scorings were included into the learning set and test set. The feature selections are performed by genetic algorithms and the topologies of the networks are optimised by evolutionary procedures. Different criteria were used to evaluate the efficiency of the system. The profiles generated by SASCIA are in a good agreement with sleep stages scored by experts. The mean correlation coefficient between profiles established according to the rules of RK and SASCIA generated profiles was 0.85. The profiles look similar. Especially REM has been detected with high accuracy and could be well discriminated from Wake and Stage 1. The accurate REM identification indicates that the EEG alone carries the necessary information to describe REM, and EOG and EMG, considered as being epiphenomena, are not necessary. The system could be improved by establishing networks for different BEG-types and using up to 9 different network rules for the forward classification of new sleep-EEG. We investigate the difference of electrical field distributions of event-related potentials (ERPs) between vascular dementia and Alzheimer disease. -The study was carried out on 12 normal individuals, age matched 14 patients with vascular dementia (VD) and 26 patients with Alzheimer disease (DAT). The grade of dementia was matched in both groups. The auditory oddball stimulation was presented at 1.5 sec intervals. The frequent tones had pitch of 2000 Hz, the rare tones of 1000 Hz, both at 80 db SPL. Fifteen percent of all tones were rare. -ERP topographies with 18 channels were measured using international 10/20 system by Biologic Brain Atlas mapping system. The referenceindependent measures (latency, global field power and location of centroids; Lehmann) were determined and analyzed for each components of ERPs. -DAT patients showed abnormal Nl and P3 GFP in latency, amplitude and decreased dipole activity of P3 using centroid location was also seen. Abnormal Nl and P3 GFP in latency, amplitude were also recorded in VD patients. In addition to that, change of dipole location and distorted spatial structure of Nl, P2-N2 and P3 segments were obtained in VD patients. -According to these data, we can conclude that the time-course analysis of spatial distribution of ERPs indicate not only clinical but also pathological features in different types of dementia. control groups matched for sex, age and IQ. The paradigm consisted of a letter discrimination task and a semantic decision task. Both dyslexic groups showed significantly longer reaction times in the semantic decision task than in the letter discrimination task. Difference waves between these tasks revealed in both control groups a negative potential (N400) between 350 and 600 ms with an amplitude maximum over the centro-parietal areas in the semantic decision task. This potential was in the older controls lateralized to the right hemisphere and in the younger controls symmetrically distributed. Both dyslexic groups showed a higher N400 amplitude and a longer latency than the controls. The distribution was symmetrical in younger dyslexics and lateralized to the left hemisphere in the older dyslexics. The results suggest a less specialized processing of semantic information in dyslexic children, which requires higher cognitive efforts. According to the dual route model of reading, the phonological pathway might persist in older dyslexics.
Separating and Combining Electromagnetic Activity from a Priori Given Brain Regions with
The Use of Neuronal Network Techniques with Evolutionary and Genetic Algorithms to
Quantitative EEG Analysed with Artificial Neural Networks Predicts Relapse in Patients with
One representative 30 s artefact-free EEG segment was analysed of each patient. For quantitative analysis (pre-processing) we chose spectral as well as Hjorth's parameters and the correlation dimension of Grassberger-Proccacia. Using these parameters, we first created a discriminant function (approximated F-test for Wilk's lambda) with random and stepwise introduction of variables, first comparing 24 relapsers and 14 abstainers. Then, the best fitting discriminant function was applied to the remaining 25 relapsers and 15 abstainers. For comparison we analysed the 2x2 groups with an artificial neural network approach (feedforward multilayer perceptron): Variable input vector, 1 hidden layer (2-20 neurons), two output units. Various input selection methods. -Results: Independent testing of the discriminant function (5 variable model), gained from the first groups of relapsers and abstainers, showed 75% overall correct classification (sensitivity: 88%, specifity 54%) and especially showed a frontally pronounced EEG-desynchronization with decreased absolute frontocentral alpha activity, relative left frontal theta activity and an increased left frontal correlation dimension in relapsers. The neural network approach (9 variable model) increased the overall correct classification rate to 85% for the independent test-set (sensitivity 100%, specifity 60%). The classical domain of computerized EEG-analysis includes detection of transient activity (i.e., spikes) and the quantification of stationary activity (i.e., mapping). Very few approaches were made to quantify short-term changes (i.e., micro-epoch-analysis, non-linear dynamics). -We present an attempt to identify relatively fast changes of background activity by use of an automatic classificator. From the EEG the time courses of a set of parameters (Hjorth, Barlow, spectral power) are extracted. They build elements of a vector space, with one element or vector for every EEG-epoch. The elements are clustered in an automatic and unsupervised manner by use of the greatest-nearest-neighbour classificator. This is independent of the time course of any single parameter as theta power alone and instead relies on a combination of these. Changes of brain activity are marked by occurence and disappearance of classes. They are presented as a class occurrance diagram. The class occurance density is defined as the number of different classes that occur within a pre-defined number of epochs. It gives a measure of reagibility of the brain tissue underlying the electrode and can be visualized as class occurrence density diagram. -An illustrative clinical case example from a routine EEG-registration with hyperventilation and photostimulation from a patient with epilepsy is shown. EEG-reactivity to different qualities of information has been used to study differential hemispheric specialization in adults. Studies on the developmental aspects of EEG reactivity mostly did not consider lateral functional specialization. We report on differences in EEG-reactivity to verbal and non-verbal auditory stimuli in children and adults; we concentrate on developmental differences, specifically considering topography and differential involvement of frequency bands and hemispheres. -19-channel EEG (average reference) was recorded in children (N=15; mean age 11.2±0.1) and adults (N=38; mean age 28.0±5.8) during initial resting and after presentation of 4 short nonsense sentences and 4 tones. 20 x 2 sec of resting EEG and 10 x 2 sec immediately following each stimulus were spectral analyzed by FFT. Mean integrated power was calculated for theta (5.5-8.0 Hz), alpha (8.0-13.0 Hz) and beta (13.5-18.0 Hz) frequency bands. EEG reactivity was computed as difference between post-stimulus and resting. -In both groups, EEG reactivity consisted of significant power reductions which, depending on the frequency band, stimulus quality and stimulus position varied in intensity and topography. Power reductions in adults as compared to children were more pronounced in the alpha-band (frontally) and less pronounced in the theta-and beta-band. Only EEG reactivity to sentences showed multiple significant asymmetries. In adults a left hemisphere predominance in the alpha-and beta-band (temporal/ frontotemporal/paracentral), in children a left (temporal/frontotemporal) as well as a right hemisphere predominance (paracentral) in the theta-and alpha-band were found. EEG segmentation procedures are used to study microstates of brain activity. According to the theory microstates represent the activity of an underlying geometry of field-generating elements. -11 young controls, 10 aged controls, 15 patients with mild dementia of the Alzheurement. Twenty percent of the tones had pitch of 1000 Hz for target tones, 70% of the tones had pitch of 2000 Hz for frequent were presented. In addition to that, 10% of the tones had pitch of 125Hz and 500Hz were presented as novel (deviant) tones. Tones were presented in a regular sequence via earphones at 1.5 sec intervals at 80 dB SPL. -Multichannel ERPs were averaged with 18 channels using the international 10/20 system for electrode placement and a topography mapping system (Bio-Logic Brain Atlas) for recording and averaging. The reference-independent measures (latency, global field power, and location of centroids; see Lehmann) were determined and analyzed for each components of ERPs. -The patients with vascular dementia showed an abnormal P3 in latency, amplitude and electrical field on the scalp which is GFP reduction in P3a and more anterior location of centroid in P3b compared with the control group. Although P3b is almost normal in Parkinsonian patients, more anterior location of centroid and reduced GFP in P3a compared with the control group were observed. These data suggest that P3a abnormality in Parkinsonian patients may reflect frontal lobe impairment for information processing as subcortical dementia. Therefore we can conclude that the time-course analysis of spatial distribution of P3a and P3b might be useful for evaluating different types of cognitive impairment in neurological patients.
Functional Asymmetries in Children and
Differentiation Between Cortical and
Wien/AKH, Austria).
Rolandic spikes are characterized by typical topographic distribution of potential fields with the focus location in the rolandic area. Amplitude and spatial spreading of the activity are age dependent. In a previous study the authors had shown that rolandic spikes are characterized by typical field distributions of instantaneous power (calculated via Hilbert transformation), which can be correctly recognized by means of a Neural Network (NN) (Hoffmann et al. Neurosci. Lett., 211(1996) 195-198) . In this study, rolandic spikes were simultaneously classified and detected by means of a modified NN based classification algorithm. 30 minutes routine EEG of 3 children showing rolandic spike activity were investigated and the results of visual and automatic spike detection compared. Two EEGers independently scored each EEG in two separate sessions and marked spike events. The performance of the automated detection algorithm was tested against the total agreement of both scorers ("gold standard"). For all EEGs the mean specificity of the NN based spike detector was 77,9% and its mean sensitivity 91,5%. The mean selectivity (ability to detect "gold standard" spikes) varied between 79,4% and 88,1% for the scorers and between 77% and 83,4% for the spike detector. In addition, for all patients the classified topographical type of detected spikes coincided with the result of visual spike findings according to the focus location. EEG/MEG recordings are generally superimposed by artifacts. P. Berg and M. Scherg (dipole modelling of eye activity and its application to the removal of eye artefacts from the EEG and MEG, Clin. Phys. Physiol. Meas., 12, Suppl. A, 49-54, 1991) proposed a new spatial components method for artifact correction. Multiple spatial components derived from various artifacts using PCA were combined with dipole model topographies describing the EEG/MEG brain activity in a multiple source approach. The spatial components method enabled the independent reconstruction of brain and artifact activity. However, this approach cannot be applied when a dipole model does not exist for the data under study. We propose modelling EEG or MEG activity directly by spatial components derived from PCA. The matrix composed of "artifact" and "brain" spatial components is inverted. A spatial filter operator is constructed by subtracting the product matrix of selected spatial components and the inverse components matrix from the unit matrix. Its application corresponds to calculating an inverse and forward solution and separating the artifact activity from the measured EEG/MEG brain activity. The method was successfully applied to simulated and real data containing artifacts. The new spatial filtering method appears to be superior to previous eye artifact correction methods considering the largely reduced distortion of the EEG/MEG brain activity.
Artifact Correction in EEG and MEG Recordings by
Recognition of Mental Task Type with Few Seconds of EEG Using Artificial Neural Network. -G.A. Ivanitsky (Institute of Higher Nervous Activity and Neurophysiology, Moscow, Russia).
The tasks of two types -verbal and spatial -appeared intermittently on a screen placed in front of a subject. The average task solving time (6 seconds) and screen illumination level were equalized among the task types. Twelve experiments on volunteer subjects with simultaneous recording of 14 EEG channels were done. After removing the eye blinking artifact, the pieces of EEG corresponding to the task solving intervals and expectation gaps were selected and preprocessed by computation of: a) power spectra in 5-20 Hz band in every channel (4326 values per piece), b) power maps in theta, alpha, and beta bands (42 values), and c) total piece power (1 value). Each set of preprocessed EEG pieces was randomly divided into two subsets for learning and testing the two-layered nonlinear artificial neural network that had to classify among three mental states -verbal or spatial task solving, and task expectation -on an individual subject basis. With the first two preprocessing techniques, the average percent classification rate was 85, while with the third one, classification failed. The results demonstrate that solving tasks in mind is accompanied with the establishment of EEG spatio-frequency patterns which are: a) specific to certain mental task and to certain subject, b) loaded only for the time of task solving, and c) stable in course of the experiment. Children with ADHD (attention deficit hyperactivity disorder, DSM III R) have been reported to show specific performance deficits in task conditions requiring response inhibition. Neurophysiologically, previous ERP studies have found reduced target P300 in ADD children which are more consistent with nonspecific resource deficits. We present brain mapping results based on 32-channel ERPs in matched 11 year old ADHD (N=12) and control children (N=12) during spatially compatible, spatially incompatible, and no-go conditions. In a preliminary analysis, a partially subclinical ADD group had shown a reduced early P300/ CNV microstate (about 250 to 400 ms, posterior positive / anterior negative) in compatible and incompatible conditions. The topography was similar to the ERP effects obtained for cues in the CPT A-X task and may suggest a deficit in attentional orienting. New brain The methods for living brain 3D-imaging based on measuring metabolism in brain tissues provides invaluable information on brain work. This can be considered as a challenge for more traditional methods. What are the possible advantages of up-dated EEG studies? The fact is that the neural excitation is of rhythmic nature. Therefore, while imer type and 9 patients with endogenous depression free of medication affecting the CNS were investigated to find out alterations due to aging and to both diseases. The number of different segments (defined by their localization) in the beta frequency band between 16 and 19.75 Hz was compared with the Wilcoxon-test. -Older controls had more different segments than young controls (N=21, U=27, p<.024). Patients with dementia of the Alzheimer type had less segments than healthy aged controls (N=25, U=36, p<.015). Patients with endogenous depression had more different segments than patients with mild dementia of the Alzheimer type (N=24, U=38,5, p<.041). -The cell loss in dementia of the Alzheimer type may hold responsible for the reduction of the number of different segments compared to healthy aged controls and patients with endogenous depression. The higher number of different segments in aged vs. young controls may be an effect of increased brain complexity in the aged. Furthermore, it underlines the assumption that dementia is not only accelerated aging. In this paper we begin with a general variational framework which encompasses most of the algorithms widely used in the inverse problem in MEG. The general weighted minimum norm solutions are shown to be contained in this framework, and in particular MFT and FOCUS are shown to be identical. The different steps used to solve the underlying variational problem are shown to be quite different, however, and they are contrasted. The role played by an arbitrary space-dependent weight function, as extensively used with training in MFT is explored. -In general the extension allows the 'blurring' produced by LORETA to be controlled by parameters which are adjustable so as to take account of the level of blurring desired. A general variational framework is introduced which offers a combination of LORETA type terms and an MFT/FOCUS type term with a freely adjustable bias between the two extremes. -The framework allows a direct comparison of different methods and hybrids which we will demonstrate with computer generated and phantom data. In the present paper we studied how foveal and parafoveal visual stimuli affect evoked potential topography. The method of quasi-simultaneous stimulation of many small (1.5 x 1.5 deg.) visual field elements by binary m-sequences allowed us to reconstruct the potentials elicited at each of 54 visual field locations independently. Such data were compared to those elicited by conventional checkerboard reversal stimuli presented in the four quadrants or as half field stimuli. Twenty-two normal subjects participated in the experiments and observed monocularly a stimulation field of 13.2 deg x 8.4 deg filled with 54 squares each. Mean luminance was 13 cd/m 2 and contrast was 95%. The EEG was recorded in 30 channels with a dense array over the occipital brain areas. With checkerboard reversal significant differences in latency, global field power and topography were found. In the m-sequence experiments we determined four components between 70 ms and 280 ms. Both global field power and topography of the components were affected by retinal stimulus location, and there was a significant decline with retinal eccentricity. Our data show that small retinal targets elicit brain activity which can be recorded simultaneously. Scalp field topography depends critically on the exact stimulus location within the foveal and parafoveal retinal areas while response strength mainly depends on eccentricity. The e4 allele of apolipoprotein E (APOE) represents a major biological risk factor for late-onset Alzheimer's disease (AD). However, it is still not known whether APOE genotype affects the progression of the disease, assessed by different functional methods. Therefore, we analyzed quantitative electroencephalographic (qEEG) variables in a group of 41 AD patients matched for disease severity and duration of illness, and subcategorized according to their APOE genotype. Ana- recording these excitation primary effects, i.e., electrical and magnetic field patterns, the physiologist is principally admitted to the actual mechanism of brain information processing. One may indicate three areas where such study has priority: (1) Primary effects study can discover the circuitry of brain processes revealing not only where but how information is processed in the brain. The main idea of this study is that the spatiotemporal synchronization of brain potentials provides information about the interactions between communicating structures. This approach is essential for mind-brain problem solution. (2) The EEG recording can be used for the diagnostics of mental operations being performed by the subject with a possible detection of thinking errors. These studies use artificial intelligence systems and are based on the fact that the specific EEG spectra reconstructions underlie particular mental operations. The problem is both of theoretical and practical importance. Previous work (Valdes et al. 1996) has developed Tomographic quantitative EEG (qEEG-T). Norms for the full crosspectral matrices S(w) were obtained by using the matrix logarithm transform as a transformation towards Gaussianity. This in turn allows the specification of the z transform for all voxels in Distributed Inverse Solutions (qEEG-T z image). Significant deviations from normality may be assessed using methods developed for 4 dimensional random fields (Worsley 1996; Valdes 1997) . Examples of z images for patients with schizophrenia, Probable Alzheimers Dementia, and Obsessive Compulsive Disorders are presented. Future directions of work are proposed. lyzed qEEG variables were the ratio of alpha and theta absolute power and EEG coherence in alpha frequency band. There was pronounced EEG slowing in all three patient subgroups when compared to the controls with respect to the alpha/theta ratio, but there was no significant difference across the patient subgroups. Patients homozygous for APOE e4 allele had significantly reduced right and left temporo-parietal, right temporo-frontal, and left occipito-temporal coherence. APOE e4 does not influence significantly EEG slowing, a parameter which reflects severity of the disease in AD patients, but appears to be associated with selective decreases in functional connectivity as assessed by EEG coherence. This finding might be of clinical importance when considering different pathogenetic mechanisms. Late brain maturation is characterised by the elimination of a large proportion of synapses. Evidence for this stems from anatomical studies, but event-related potential and imaging studies have yielded converging evidence. We investigated whether pubertal timing has a moderating effect on synaptic pruning. Based on Thatcher's two-compartmental model, EEG coherence was examined as a putative correlate of synaptic density. We hypothesised that earlier maturation leads to an earlier end to synaptic pruning, a larger number of surviving connections and decreased short-distance coherence. In contrast, slower maturation with prolonged synapse elimination should lead to lower synaptic density and increased short-distance coherence. We assessed coherence as a function of age at puberty (retrospective questionnaire), sex and hemisphere. EEG was recorded in 38 early and late maturing adults during rest and photic stimulation. Whereas no effects were found for interhemispheric coherence, ANOVA results across recording conditions and EEG frequency bands disclosed higher intrahemispheric short-and long-distance coherence in the left hemisphere than the right, in males than females and in late than early maturers. The short-distance coherence findings were in keeping with our hypotheses. For long-distance coherence, however, alternative explanations will be discussed. Our results indicate structural differences in neuronal connectivity as a function of maturational rate. Implications for psychopathology will be discussed with reference to Saugstad's model of pubertal timing and psychosis. The present study analyzes the short-duration oscillatory activity (or microstates) obtained upon sensory or cognitive stimulation by using scalp recordings of 18 healthy young subjects. To record such oscillations, an ensemble of system theory methods that included FFT and adaptive digital filtering was applied to event-related oscillations (ERO) obtained with the evoked potential (EP), mismatch negativity (MMN) and oddball paradigms (OB). -Results suggested that EROs were visible even in unfiltered single recordings. A comparative analysis of EROs obtained from specific topographical locations under each paradigm showed that the delta response was obtained in varying degrees from the whole cortex for all paradigms. In contrast, the alpha oscillation was obtained as a phase-locked and prolonged activity only under those paradigms that required any form of stimulus comparison. A newly discovered characteristic peculiar to the MMN paradigm was the existence of a beta oscillation, although the delta oscillation was highly reduced in all the recording areas. These findings suggest that EROs, because of their specific frequency, enhancement, prolongation and delay, represent or are 'passwords' for diverse cognitive operations that take place in the information processing of the brain. "Centrotemporal" (rolandic) spikes are elemental to the diagnosis of benign rolandic epilepsy (BRE) and may reveal characteristic dipole localizations. The pathophysiological relationships between the spikes and abnormal background activities and these localizations still remain unclear. We present a detailed localization analysis of abnormal activities in 7 BRE patients using magnetoencephalography (MEG). All the BRE patients showed a typical seizure history and electroencepha- Language processing is known to activate a complex neural network in the brain involving different remote areas mainly in the left but also in the right hemisphere. Spatio-temporal analysis of multi-channel event-related potentials (ERPs) attempt to characterise more precisely the functional role of the different modules of the network. The aim of this study was to compare the spatio-temporal activity pattern during semantic and phonological processing by means of multichannel ERP recordings and to determine the activated brain regions by using 3-D source localisation methods. Word pairs (each for 150 ms) were preCentral Hospital, Helsinki, Finland).
Brain Mapping of Spatial Orienting and Response
Spontaneous Theta Activity in Clozapine Medicated
EEG Coherence as a
Event-Related Oscillations in
Magnetoencephalographic Analysis of Abnormal
Analysis of Electric
Clozapine is known to increase spontaneous theta activity in EEG on frontal and central scalp regions in patients with schizophrenia (Small et al. Clin. Encephal. 18, 1987, 124-135) . We used simultaneous 64-channel EEG and 122-channel MEG recordings in order to study in more detail the origin of the theta activity. We measured 2 patients with chronic schizophrenia of residual type, treated by clozapine. Averaged amplitude spectra were calculated using the same time periods in both EEG and MEG. Two spikes of theta activity with slightly different peak frequency were seen in MEG, one on anterior frontal and the other on temporal areas of the scalp. In EEG, spikes with the same peak frequencies as in MEG were emphasized on wide areas of central and anterior scalp regions. In EEG the spikes were partly merging into each other whereas in MEG the spectral spikes were separate. Using the spectral dipole fitting method of Tesche and Kajola (Electroenceph. clin. Neurophysiol. 87, 1993, 408-416) , two source dipoles could be fitted to the respective frontal and temporal brain areas. The results suggest that the increased theta activity in clozapine-medicated patients consists of activites from at least two separate brain areas, possibly from anterior frontal and temporal lobes. Also, MEG is useful when the origin of spontaneous activity is of interest. lographic findings, and three of them had minor psychomotor deficits. Spontaneous magnetic brain activity was recorded over both parietotemporal areas using a 2x37-channel biomagnetic system (Bti, USA). The MEG data were digitally bandpass-filtered (2-6 Hz and 14-30 Hz, respectively) to analyze both the slow and the fast wave activities. Equivalent current dipoles of rolandic spikes were located mainly in the motor cortex and around central sulcus which was identified by somatosensory evoked magnetic fields stimulated at the fingers and the lower lip. The spikes showed various localizations, hand involvement in 5 cases, oromotor involvement in 1 case and arm involvement in 1 case. In three cases with minor psychomotor deficits, slow and fast wave activities were seen at the same location as the spikes. Source localizations of rolandic spikes and abnormal activities with MEG is non-invasive and will be considered to contribute to the elucidation of the pathophysiology of BRE epilepsy. Our EEG studies in psychopathology search for relationships between symptom patterns in a group of psychiatric patients and EEG characteristics, i.e., they address the question of correspondences between EEG-manifested functional brain states and psychopathological states (M. Koukkou et al.: A psychobiological approach to the pathogenesis of schizophrenic symptoms. Int. J. Psychophysiol. 10: 203-212, 1991) . -We present data from 14 patients (7 men, 7 women, mean age 26 years). Clinical ratings and EEG recordings were performed on the same day. The psychopathological state was estimated using the AMDP system. The existence and intensity of each symptom was judged and compressed to syndromes which represent levels of psychopathology' independent of the clinical diagnostic group. -In exploratory statistics we tested for EEG differences between patients with high versus low scores in the syndromes 'hallucinatory' and 'retarded depressive'. Two factor-ANOVA (level of psychopathology, high versus low, and EEG, mean power of 3 left versus 3 right lateral recordings) was performed for 6 frequency bands of resting EEG and of EEG reactivities to 4 meaningless sentences. The results suggest that in both syndromes the 5.5-8Hz and in the syndrome 'retarded depressive' the 10.5-13Hz mean power is specifically involved. U-tests between the two subgroups of the same syndrome confirmed these findings. The cortical, spatio-temporal organization of potentials (STPO) was studied in healthy subjects and animals using topograms of cortical potentials (ET, i.e., the momentary voltages simultaneously recorded by all electrodes). The ET parameters (similarity coefficients of the successive ET relieves, mean potential values, and their standard deviation) permit to estimate the different global (systemic) coexisting types of cortical STPO. One type ("travelling wave") is observed during rest and sleep and some mental activities; the dynamics of ET relieves indicates both frequency of changes in ET form and periods of their regional restriction. In order to investigate the influence of saccadic eye movements on electrical brain activity we recorded EEG from 30 electrodes regularly spaced over the occipital brain areas. In addition, the horizontal and vertical EOG was obtained simultaneously. Two groups of twelve healthy adults between 20 and 35 years of age participated in the experiments. Premotor and sensory activity were measured separately with appropriate time constants. We analyzed the effects of self-paced and triggered saccades on premotor activity. Differences consisted mainly in the scalp location of the centroids of the evoked fields. Stimulus-related evoked potentials were measured with various experimental conditions, and the effects of absolute and relative stimulus velocity were analyzed. In all subjects and experimental conditions four components occurred with mean latencies of about 80,150,220 and 410 ms. Latency, field strength (determined by global field power) and the topographical distribution of these components were influenced by eye movements and absolute stimulus velocity, whereas the relative stimulus velocity showed no effect. Most significant topographic changes were observed when brain activity evoked during saccades or with The ELAN is a event-related potential component elicited by syntactic violations in language input. The reconstruction of its sources represents a challenge because a great variety of different brain structures are possibly involved. -We presented about 520 sentences, 130 of which with syntactic violations, to 2 normal subjects. 120 EEG and 74 MEG (twin-dewar, gradiometers) channels were recorded in separate sessions. All data sets were 1 -20 Hz bandpass filtered using a long range FIR filter (570 points) to suppress low frequencies. The epochs were averaged with respect to the onset of the critical word. Spatio-temporal dipole analysis was performed on the difference signal between incorrect and correct condition. From EEG, only one deep source could be localised. Confidence included large sub-cortical areas (extent 4-5 cm). MEG yielded a second (much weaker) source in the left anterior cortex (possibly Broca). However, the sensitivity of MEG to sub-cortical activity was extremely low, due sensor geometry and the gradiometer effect. Summarising, probably a deep and a left anterior cortical source are involved in the generation of the ELAN. EEG detected the sub-cortical source, but the spatial noise prevented the localisation of the weaker cortical activity. MEG found the cortical source, but could not reliably establish sub-cortical activity. In that sense, both modalities sented visually to normal right-handed French native subjects in two tasks. In one task, subjects judged the semantic relatedness and in the other they judged the phonologic relatedness. 41-channel ERPs (sampling at 500 Hz) were collected and surface potential maps were statistically compared over time and subjects between the two tasks. This analysis showed a late (around 500 ms) difference in the potential distributions between the two tasks. Changes of brain electric field configuration denote changes of momentary functional states of the brain. These changes occur quickly and are separated by periods of quasi-stable field configuration (microstates), suggesting that brain information processing is basically stepwise. As field configurations are simple and the number of observed field configurations is small, it is possible to adequately model brain field data with a few prototype field configurations, yielding an inventory of the used global functional brain states. Two examples are given: 1) Brain field configurations measured during open eyes were compared to those obtained during closed eyes. The repertoire of the visited brain states was less restricted when the eyes were open, this indicates an increased complexity of brain information processing. 2) Brain field data from 9 untreated first-break schizophrenic patients (collaboration study with Dr. M. Koukkou, Berne) and 9 matched controls during rest condition and after a brief activation showed that while normals significantly altered their repertoire of brain states after the activation, no such adaptation was observed in the patients. Patients thus seem to have difficulties to appropriately adapt to incoming information. It is concluded that the description of brain activity by means of brain field configurations yields comprehensive and functionally meaningful information on the organization of brain functions. We investigated odorant-evoked magnetic fields (OEFs) in 14 normal subjects. Pulses of odorant air containing amyl acetate or phenethyl alcohol, and odorless air were administered to the subject through a nasal tube. A clear and consistent OEF component, 1M, was identified in all subjects, and a second component, 2M, was detected in seven subjects, but no consistent component was identified in response to the odorless air. The peak latencies of the 1M and 2M components were approximately 320 ms and 630 ms, respectively. The waveforms produced by the odorless air were subtracted from the waveforms produced by the odorant air to obtain the "subtraction" waveform, which indicated the 1M and 2M component more clearly. Their equivalent current dipoles (ECDs) were estimated in the regions around the Sylvian fissure symmetrically in both hemispheres. Therefore, these areas are proposed to be involved in olfactory perception in humans.
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produced complementary information for the exploration of cognitive processes.
of Psychiatry, CH-8029 Zurich; Brain Mapping Laboratory, Dept. of Neurology, University Hospital, CH-8091 Zurich, Switzerland).
Global complexity of 47-channel resting human electroencephalogram (EEG) was studied after intake of a single dose of nootropic drug (piracetam, Nootropil, UCB Pharma) for 13 healthy volunteers. Four treatment levels were used: 2.4 g, 4.8 g, 9.6 g piracetam and placebo. Brain electric activity was assessed through Global OMEGA-Complexity (GOC), as quantitative measure of complexity of the trajectory of BEG map series in state space. For statistics the medians of GOC of the four treatment levels were used. GOC decreased from placebo (median GOC: 5.62) to groups with drug (median GOCs: 4.80 (2.4 g piracetam); 5.07 (4.8 g); 4.73 (9.6 g)). A Friedman ANOVA (N=13, K=4) showed significant overall result (Chi=11.5, df=3, p<.01). Post-hoc paired Wilcoxon tests showed significant decreases from placebo to all of the treatment levels with drug. Our study indicates single dose effects of piracetam on spontaneous EEG map series. The drug is already effective by the lowest treatment level. Lower value of GOC can be interpreted as a lower number of independent parallel processes of the brain. Physiological aspects of changes in human cognitive function induced by odors were studied. rCBF and ERPs were measured in subjects smelling coffee, lavender oil, lemon oil, isovaleric acid, and distilled water: rCBF in 24 ROIs in both brain hemispheres of nine healthy males by a PET scanner, P300 in forty healthy subjects during a visual oddball task. -rCBF value was highest in the majority of right hemisphere ROIs when smelling coffee odor, particularly obvious in the four areas (piriform cortex, hippocampus, nucleus accumbens septi, orbitofrontal cortex) closely related to emotional expression and processing of olfactory input. When smelling coffee odor, right hemisphere rCBF values were always higher than left, although not statistically significant in any pair of ROIs. In contrast, rCBF values from the four areas (including parts of the limbic system) were higher left than right when inhaling the other odors. -P300 amplitude in females was significantly higher for coffee odor than for isovaleric acid and lavender oil, but this was not so in males. Further, P300 amplitude was significantly higher in females than males for all odors except lavender oil. -The hemispheric differences of rCBF caused by coffee odor are physiological evidence of the unique effect of coffee on human brain function through its odor. The ERP results suggest that coffee odor affects males and females in different ways. -Acknowledgment: I wish to thank Dr. Ken Nagata, Iwao Kanno and Hideaki Fujita, Reasearch Institute for Brain and Blood Vessels, Akita, for providing the PET scanner and measuring rCBF. In 1992, Haier and coworkers demonstrated that practicing "Tetris" resulted in significant rGMR reduction during task execution. This finding has been interpreted in terms of enhanced brain efficiency. In one of our studies (Vitouch et al. 1995; Bauer et al. submitted) , poor spatializers showed higher DC potential negativity in occipito-parietotemporal cortices than good ones when processing spatial items. The present study investigated whether improvement of spatial performance by task-specific training would similarly be accompanied by reduction of this regional negativity. -A women sample of 22 pre-selected poor spatializers participated in this study. The experimental group did practice sessions with various spatial item material over a period of 4 weeks, while no training was given to the control group. Changes of performance were assessed with the Rasch-calibrated 3DC cube test. Before and after the training period, slow potential changes accompanying processing of 3DC-derived items were collected via an equidistant matrix montage of 22 Ag/AgCl electrodes. Differences in slow potential topographies before and after treatment and between groups were analyzed using repeated measures ANOVA. Despite a significant improvement of spatial performance, subjects did not show the hypothesized changes in cortical activity patterns. There was no reliable difference at parietal and occipital sites, but a tendency of increased negativity in the prefron tal region. This result is discussed in the framework of attention control. Introduction: Increasing interest has been focused recently on quantitative methods for analyzing EEG activity. We investigated whether frequency analysis of extracranially recorded epileptic seizure patterns, using the Fast Fourier Transform (FFT) dipole approximation method, would be a useful method to localize the seizure onset area. -Methods: In five patients with partial complex seizures of medial temporal origin, EEG during 3-7 epileptic seizures recorded with extracranial electrodes was analyzed. The timepoint of electrographical seizure onset was visually estimated, and frequency analysis was performed on several two second EEG epochs around this seizure onset. The dominant frequency during the first eight seconds after seizure onset was determined, and dipole localization of this dominant frequency was performed for each two second epoch. -Results: Around seizure onset a distinct increase in power for the dominant frequency was seen, and there was a distinct shift in dipole localization towards the temporal lobe showing intracranial seizure onset. Dipole results were quite similar between patients. -Conclusions: Frequency analysis of extracranially recorded epileptic seizures, using the FFT dipole approximation method, gives quite reproducible inter patient results for seizures emanating from the medial temporal lobe. The method may become a useful tool for localization of seizure onset in patients under consideration for epilepsy surgery. discharges (61 subtemporal and 50 lateral temporal) were identified. The timepoint of maximal intracranial activity was automatically identified, and the LORETA solution at that time point was computed from the surface EEG. -Results: LORETA current density was significantly higher in the area corresponding to the subdurally recorded epileptic spike compared to other areas, and the LORETA location was significantly more anterior and more medial for subtemporal compared to lateral temporal spikes. Even for spikes with very unfavorable extracranial signal to noise ratio, LORETA solutions corresponded well to intracranial spike location. -Conclusions: LORETA adequately estimates the location of a temporal lobe epileptic spike, even when the signal to noise ratio is very unfavorable. The method may also have a sufficient resolution to separate activity in different parts of the temporal lobe. We used the ERD method (Event-Related Desynchronization), to compare the neural substrates involved in the perception of familiar and unfamiliar verbal and non-verbal sounds. EEG recordings (19 channels, linked ears reference) were obtained during two experimental sessions. During each session, 16 healthy subjects (right-handed young women) were exposed to two differently arranged tapes of the same 200 auditory stimuli (50 each of words, non words, familiar and unfamiliar environmental sounds). In one session, the subjects were asked to press a switch for familiar words or sounds and in another, for non-words or unfamiliar sounds. Eight comparisons were assessed but only significant results (ANOVAS, corrected p< 0.05) for the "familiar-unfamiliar sounds" and " words-non words" comparisons will be reported here. The main results were observed in the alpha frequency band (8,212,9 Hz). In the "familiar-unfamiliar sounds" comparison, differences were observed in many areas near the end and after the stimulation. In the "words-non words" comparison, differences were observed in the left posterior and bilateral frontal areas only after the stimulation. The ERD analysis (in % of baseline) explained these differences in terms of: 1) desynchronization (activation) lasting longer after familiar than unfamiliar material; and 2) early synchronization (deactivation) after unfamiliar material. These results suggest important differences between attentional and semantic processing time-courses. Introduction: In investigations of patients with therapy resistant partial epilepsy prior to epilepsy surgery, a careful extracranial workup before implanting intracranial electrodes is important. One source localisation method is LORETA, which directly computes a current distribution throughout the full brain volume, assuming that neighbouring cortical areas are simultaneously and synchronously activated. The complexity of human brain electrical activity recorded with depth electrodes in the mesial temporal lobes can be quantified by a moving-window correlation dimension analysis. To find out if this dimensional complexity varies with cognitive activity we determined the neuronal complexity loss L* of time-dependent dimension profiles of bilateral depth-EEG recordings from 20 patients with unilateral temporal lobe epilepsy. After a resting phase three verbal tasks were carried out (production of words beginning with the letter "n"; learning of 15 words, read to the patients five times in randomized order; recall of learned words). During the tasks L* was significantly lower as compared to the resting phase, indicating a higher dimensional complexity during cognitive activation. During both learning and recall phase L* and actual recall performance were highly inversely corre- In order to investigate cortical mechanisms involved in motor imagery, execution and witholding, we studied EEG Event-Related Desynchronization/ Synchronization (ERD/ERS) in 9 right-handed normal volunteers during Reaction Time (RT) paradigms. Acoustic stimuli of two different frequencies were presented in random order. After the acoustic stimulus, subjects had to lift their right thumb after all tones as soon as possible (Simple Executed RT) or after one tone frequency only (Go-No Go RT), and to imagine lifting their right thumb to all tones (Simple Imagined RT). EEG was recorded over 29 scalp locations, with EOG and EMG monitoring. Only artifact-free and with muscle relaxation were included in the analysis. After the tone, bilateral ERD at 10 and 18-22 Hz over the sensorimotor areas was observed in the trials with movement execution (Simple Executed and Go). In trials without movement execution (Simple Imagined and No Go) bilateral sensorimotor ERD was present, but more pronounced on the left side, except the 10 Hz ERD in No Go trials. In the Simple Executed and in the Go and No Go trials, ERD was followed by ERS, while in the Simple Imagined RT it was longer lasting and not followed by ERS. We conclude that symmetrical activation of both hemispheres is related to motor execution. Motor witholding differs from motor imagery, the latter not requiring the suppression following activation. We used simple tones while recording the MEG signals over the auditory cortices under passive and active conditions. Signal combinations were used to identify the activity in the left and right auditory cortices in all single trials. We were thus able to define a dynamic measure of activity based on the epoch distribution patterns (EDP) in the auditory cortices. In the passive condition, the EDP pattern differentiates the background activity (pre-stimulus or late post-stimulus period) from the stimulus related activity. In the active condition, the EDP changes substantially, reflecting a sharpening of the auditory response so that variability is reduced. The EDP can be used to distinguish different groups of epochs. Magnetic Field Tomography (MFT) analysis for each group is used to identify different pathways, and study intra-and inter-hemisphere correlations in brain activity in single trials. The problem of quantifying differences between topographic displays of brain electrical activity was investigated using the complexvariable generalization of the classical quadratic discriminant function (QDF). The QDF was computed from the cross-spectrum of 41-channel EEG recordings and used to classify three sets of alpha band (8-13 Hz) recordings consisting of 32 recordings obtained during the performance of a spatial task, 16 recordings from a verbal task and 39 recordings from an eyes closed condition. The verbal and spatial tasks were matched for motor requirements and difficulty level. All recordings were obtained from a sample of 42 normal dextral females with a mean age of 25. The QDF provided an overall classification of 91%, successfully classifying 29 spatial task recordings, 13 verbal task recordings and 37 recordings in the eyes closed condition. The structure of the average coherence matrices corresponding to each task condition was investigated by maximum-likelihood factor analysis with oblimin rotations of the obtained factor patterns. Six factors were extracted with the first factor being a central-parietal factor common to all tasks. The spatial condition was characterized by right parietal and right frontal-temporal factors while the verbal task was represented by similar factors corresponding to the left parietal and left frontal-temporal regions. Factors in the eyes-closed condition tended to resemble those obtained in the verbal task. la ted. In contrast, no significant correlations were found between L* and fluency performance. Verbal learning and recall appeared to be subserved from the left and right anterior mesial structures. Thus, the neuronal complexity loss in ihtracranial recordings of brain electrical activity seems to be a valuable parameter that reflects spatially distributed cognitive functions. The cognitive potential, P300, is a phenomenon frequently studied in relation to attentional states of the brain. To understand the neurochemical (serotonergic) mechanisms of its generation, we compared the effects of 3 antidepressants, fluoxetine, tianeptine and clomipramine (in 3 parallel groups of 10 healthy volunteers) on the P300 and N200 waves in an auditory "odd-ball" paradigm. Statistical evaluation was made using t-test and non-parametric ANOVA. Following the first administration, clomipramine was the only drug which reduced (-39±14%, p<0.01) the peak amplitude of P300. For fluoxetine and tianeptine reduced amplitudes have been found following 8 days of treatment, whereas for clomipramine no additional diminution was found. P300max tended to be modified at the frontal part of the scalp 1 hour after the tianeptine treatment. Fluoxetine induced post-dosing changes were localised in midline and right centre-temporal scalp regions (-19± 7% after 2 hours, p<0.05) and were concomitant with a reduction in peak latencies (e.g., N200: -10±5 ms, p<0.05). It can be concluded that serotonin selective drugs have a slower onset of P300 amplitude decrease than clomipramine which has effects on both monoaminergic and cholinergic systems. These results suggest that serotonin has a regulatory function in the neurotransmission of cerebral structures which are involved in the evaluation of stimulus relevance.
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How to Focus on a Specific Brain Region Using Multichannel Electro-or Magnetoencephalography? -B. Liitkenhoner and R. Grave de Peralta-Menendez (Institute for Experimental Audiology, University of Muenster, D-48129 Muenster, Germany).
EEG and MEG have a poor spatial, but a high temporal resolution, whereas functional imaging techniques like fMRI and PET have a poor temporal, but a relatively high spatial resolution. Thus, attempts to combine these techniques are certainly steps in the right direction. However, it seems unlikely that functional imaging techniques will be able to provide the complete spatial structure of the source model required for the analysis of EEG and MEG so that it is important to explore analysis strategies applicable also in the case of incomplete information. For that purpose it is useful to consider the following question: How to obtain the best estimate for the activity occurring in a given brain region, the region of interest, without having reliable information about the number and the locations of other possible sources? This question was explored theoretically as well as experimentally. The theoretical investigations made use of the concept of a resolution field, which is closely related to the resolving kernel in the Backus-Gilbert theory. This concept allows a meaningful comparison of different methods (e.g., maximum-likelihood estimation of dipole moment, minimum-norm estimation of current density) without considering actual data. Furthermore, the fundamental properties of a method can be explained in a quite intuitive way, without requiring complicated mathematical theories. In the experimental part of this study, the auditory evoked magnetic field measured with a 37-channel magnetometer system was investigated. The results of this investigation suggest that an optimized method is able to bring multichannel MEG data into focus such that the activity of the auditory cortex becomes visible in single (unaveraged) epochs, at least at higher stimulus intensities. The aim of our study was to assess cognitive functions as well as neurophysiologic parameters in hypothyroid children (HC) and to compare children detected by neonatal screening (Group A: 23 girls, mean age at the beginning of treatment 31 days) versus HC clinically diagnosed before the beginning of the screening program (Group B: 22 girls, mean age at the start of treatment 413 days). Seventy-one matched healthy children were studied as control group for neurophysiologic tests. Neurophysiologic tests (Auditory P300, Long Latency Somatosensory Evoked Potentials (LLSEPs) quantified EEG (qEEG), were performed along with IQ evaluation. IQ scores were lower in not screening than screening patients and an inverse correlation was found between IQ values and Auditory P300, LLSEPs, neurophysiologic indices. Median frequency spectrum of qEEG was positively correlated with IQ. The results and the frequency of neurophysiologic abnormalities (62% in group B, 22% in group A) suggested an organic damage of Central Nervous System (CNS), relevant in patients of group B but surprisingly frequent in patients of group A. A delayed myelinating process with consequent desyncronization of sensitive input may be responsible of the attentional deficits and of the delayed nervous conduction velocity. In most magnetoencephalographic studies of auditory evoked fields (AEF) the probands are asked not to blink and not to move their eyes. Nevertheless, blinks and eye movements occur and lead to artifacts. This problem becomes crucial in the investigation of schizophrenics who frequently show a decreased ability of volitional eye control. We applied an ocular artifact correction algorithm which involves a careful trend correction, low-pass filtering, detection and identification of different types of ocular artifacts. The ocular artifact is assumed to be the weighted sum of the electrooculogram (EOG) derivations. The weights or transmission coefficients are determined by linear regression. For each type of ocular artifacts common, frequency independent transmission coefficients are determined. Not all of the AEF require ocular artifact correction. This is revealed by a comparison of three neurophysiological modifications in healthy volunteer subjects who program and execute a movement, with or without visual feedback or with the knowledge of the results in a feedforward experiment in order to assess the contribution of the different brain areas to task realization. We studied 10 subjects during the movement of a cursor on a videoscreen toward 12 target positions by an horizontal digital tablet, without the view of the limb. Nineteen channels (according to 10-20 International System) with linked-ear reference were recorded and 50 artifact free trials were averaged for each condition. Evoked potentials did not show significant modifications before movement execution. In the feedback condition the components after the beginning of the movement were delayed according to increased reaction times and, during movement, a more marked activation of the temporo-occipital areas was present, probably related to visual control of the movement. In the feedforward session some late changes occurred 400-500 msec from the beginning of the movement and could be related to the learning process and to short-term memory activation.
Comparative Neurophysiologic and Neuropsychologic Study in Screened and
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greater when the patients are untreated. The aim of our study was to apply this technique to the study the effect of L-Dopa treatment in PD. We evaluated 8 PD patients (mean age 68.2 years; range 64-74). Their disability score was evaluated using the Hoehn and Yahr scale (mean 2.5; range 2-3) and the mean duration of the disease was 4.2 years (range 1-8). ERD, studied with the method described by Pfurtscheller (1977) , was measured as the percent decrement of alpha band power and calculated for the frequency bands included between 8 and 12 Hz. In each patient the ERD was evaluated before and after L-Dopa treatment. The ERD results from the patients group were compared with a group of 8 normal controls (mean age 64 years; range 53-74 years). Statistical analysis showed that in Parkinsonian patients the amount and duration of ERD preceding movement was significantly reduced and became normal after movement onset in untreated PD. The modification of ERD after L-Dopa treatment will be discussed. A distributed neural network coordinates our ability to direct the center of awareness toward the behaviorally relevant coordinates of the extrapersonal space. The three cortical epicenters of this network include the frontal cortex, posterior parietal cortex and the cingulate gyrus. The frontal cortex provides access to a motor map for exploratory-motor behaviors; the parietal cortex provides a perceptual representational map of the extrapersonal space; and the cingulate cortex provides a map for the distribution of expectancy and relevance. The effective execution of directed sensory attention necessitates the harmonious interaction among all three of these components. This organization was first suggested through observations on patients with focal brain damage but can now be confirmed with the help of experiments based on functional imaging in neurologically intact subjects. The cortico-cortical interconnections of areas belonging to the attentional network are organized in ways that support selectively distributed processing and multifocal transitions from serial to parallel processing. Spatial attention displays a strong right hemisphere dominance pattern in the human brain. The neural organization of spatial attention introduces exciting possibilities for investigating the mechanisms underlying hemispheric dominance and the computational architecture of large-scale neurocognitive networks in the human brain.
The Relationship between Microstates of the Brain EEG Activity and Sensory Perception. -A. Mogilevsky, L. Derzhiruk and E. Derzhiruk (Institute for Low Temperature Physics and Engineering, Kharkov, Ukraine).
The different cycles of the prestimulus EEG were automatically selected with respect to the character of their dynamical regimes under the conditions of controlled experiment. After the determined criteria of the EEG cycle were achieved, an acoustic or visual stimulus was supplied succeeded by a multichannel detection of the evoked potentials. The evoked responses were registered at multi-and monoperiodic regimes of the prestimulus EEG as well as at the control stimulation. The averaged evoked potentials were analyzed. The change in the character of a dynamical regime of the prestimulus EEG affected the fine structure of the evoked potentials, distinctions of their components, peculiarities of their dynamical mapping, and regressive and factor models. A dispersion analysis revealed the most sufficient effect of the regime changes upon these processes in the alpha controlling band of the prestimulus EEG. Inhomogeneity and variety of the dynamical regimes in the prestimulus EEG cycles determine a qualitively different intrinsic structure of the sensory evoded potentials. Peculiarities of the negative discordance processes in MEG and EEG sensory signals from the different parts of the brain cortex were observed. These regimes have a particular influence on the mechanism of the generation of the P300 wave. Fractal analysis suggests the dominant effect of the nonlinear processes in the prestimulus dynamics within the distinguished frequency bands of EEG on the formation of the cognitive modelling system characterized by great internal freedom and variability while the sensory signals are selected and their complexity is estimated. different average AEF signals: the average of the uncorrected trials, the average of the corrected trials and the average of trials without detections of ocular artifacts. The ratio between the total power of the ocular artifacts and the total power of the AEF can serve as a quantitive measure for the contamination of the AEF by ocular artifacts. Patients and controls are compared by means of this ratio. Examples for possible mislocations of equivalent current dipoles due to ocular artifacts are given.
Chronometry of Brain Functions Revealed by EventRelated Microstates. -C.M. Michel (Functional Brain Mapping Laboratory, Dept. of Neurology, University Hospital, CH-1211 Geneva, Switzerland).
Most studies with PET and fMRI support a modular view of mental processes in which cognitive operations involve several processing subsystems within a complex neural network. We show that spatiotemporal analysis of evoked potentials (EP) make it possible to subdivide these networks into temporally distinct functional identities, each of them lasting only for a few milliseconds, yet characteristic of a specific cognitive process. The analysis method consists in determining in each individual EP the onset, offset, duration and explained variance of the maps that represent globally determined functional microstates, and calculating the correlation's of these parameters with specific variations of the task demands. This method is illustrated with a mental rotation paradigm where subjects evaluated if rotated figures, presented in the left, right or central visual fields, were in a normal or mirror-reflected position. In one experiment alphanumeric letters, in the other abstract figures were used. In both experiments a particular microstate was found just before the reaction time which was present for significantly longer periods when the angle of rotation increased. Independent of the visual field of presentation the putative generators of this segment, as determined with global linear inverse solutions, were located in the parieto-occipital cortex of the right hemisphere. This study suggests that different cortical areas are activated during the task, but that only one is finally performing the mental rotation operation per se. Recent methodological developments in EEG analyses tremendously improved spatial resolution of functional maps that are based on electrophysiological data. Adding up an improved spatial resolution (based on Low Resolution Tomography Computation) and coherence analyses we produced functional maps of brain electric activity with high time resolution. Applying a cognitive task that required sustained as well as focussed attention we used a paradigm that activated working memory functions and task specific functional networks. Based on experimental data of 15 schizophrenics and 34 controls we demonstrated that schizophrenics show an impaired activation of dorsolateral prefrontal cortex and a diminished task performance. Functional networks that were established in controls were more complex than those in patients. The observed networks showed a centralized structure with coherence convergence in frontal brain regions. The activation of frontal cortex is strongly influenced by different frontal-subcortical circuits. These circuits unite specific regions of the cortex with the thalamus and basal ganglia and mediate beside others behaviour. Thus the results support the theory that dopaminergic dysregulation is a possible causation of schizophrenia.
Mapping the Scalp Distribution of the Dimensional
**Tott's Gap Medical Research Laboratories, Bangor, USA).
Application of the methods of chaos theory allows the use of deterministic measures for the assessment of brain function. The dimensional complexity of the EEG was measured with the point correlation dimension (PD2) method which is more accurate than other algorithms for the quantification of the correlation dimension and can be used for the analysis of non-stationary epochs. The EEG was recorded with 32 electrodes in eyes-closed and eyes-open conditions and during watching emotionally neutral video tapes. The PD2 was calculated from 80 s epochs. The scalp distribution of the PD2 was plotted by the Neuroscan system. In the normal population the absolute values and the z-scores of the PD2 values were symmetrical and showed dynamic changes depending on recording conditions which were most conspicuous in the centroparietal area. A marked asymmetry was found in a patient with a small subcortical stroke with PD2 values being lower on the same side of the stroke where the P3 "cognitive" event-related potential component was also missing. When compared to the stochastic measures (FFT) it was concluded that the non-linear methods of analysis may in some cases be more sensitive to detect pathology than the conventionally used procedures.
nant EP components at 70,100 and 140 ms. Visual EPs were studied in 37 subjects with high temporal (1000 Hz) and spatial (41 electrodes) sampling. Signals were analyzed using topographical and 3-D localization methods. Alternating checkerboards (500 ms interval) of two sizes (1.0 and 2.5 cycle/deg of visual angle) were presented to the left (LVF), right (RVF) or central (CVF) visual field. Global field power analysis revealed strong N70 and weak P100 fields for small checks and inversly for big checks. P100 peak latency occured earlier for small checkerboards. In both, the central stimulation evoked stronger and earlier P100 peaks. The comparison of LVF vs RVF revealed a statistically significant earlier PlOO-peak for the LVF. The 3-D localization of the electrical activity showed a stable contralateral (with lateral stimuli) or bilateral (with central presentation) occipital activity starting at around 30 ms, and early transfer to contralateral sites. The results indicate that the dominant VEP peaks might reflect more complex stimulus analysis processes. (Supported by the Swiss National Science Foundation Grant PNR38 No 4038-044081). Boring (1930) showed that different perception of one visual stimulus is possible. This phenomenon has been called multistability. Brandimonte et al. (1992) found conditions that can force switching between possible views of a picture. Zeki et al. (1993) made a PET-study with pictures that cause virtual movement. They found that parts of the brain were activated, which are not implied in perception of real movements. 9 volunteers (27.7 ± 3.0 Ys, 4 female, 5 male, all right-handed) saw a computer simulation with multistable stimuli (2x15 minutes stimulus, 1 sec inter-stimulus interval). EEG recordings were performed simultaneously. When the volunteers perceived a change of the movement they had to give a motor response. 21 electrodes were placed according to the international 10-20-system, furthermore 3 artefact electrodes. Digitisation rate was 256 Hz. Artefact free epochs were selected and FFT and spatially orientated segmentation was performed. The data was condensed to frequency bands. We found a mean of 69.0 ± 54.5 events in each person, that is 2.3 ±1.8 events per minute. Under stimulus condition more alpha and theta were observed than in resting condition. We found no changes in relation with perception switches in the frequency domain. On the other hand global field power was reduced before the perception switched. The results show that spatial segmen- Multilead quantitative EEG (QEEG) reactivity to a single dose of an antipsychotic drug has been investigated in a group of 24 chronic and 13 first-episode schizophrenic patients. Seven patients were drugnaive; the remaining ones completed a two week wash-out period before QEEG assessment. A baseline QEEG recording was obtained from 16 unipolar leads, referred to the linked earlobes, at the end of the wash-out period. Further recordings were obtained six hours after the administration of a single dose of a neuroleptic drug. Log transformed absolute and relative power (LAP and LRP) values were examined for eight frequency bands. Change scores were calculated by subtracting the baseline from the post-drug QEEG values for each frequency band. A significant negative correlation was found between the duration of illness and LAP change scores of theta2 and beta2. Chronicity was associated with a reduced QEEG reactivity in the theta2 and beta2 frequency range. The selective delay of the flash VEP P2 component in Alzheimer's disease (AD) is a robust finding when groups of AD patients are compared with groups of age equivalent healthy controls. Continuing our inquiry into the diagnostic utility of the selective P2 delay when applied to individual patients, and in an effort to increase the accuracy of classification above what is possible using a global average reference, VEP data were transformed to a partial average reference (omitting Fp electrodes to reduce EOG distortions) and to a Hjorth Laplacian reference (emphasizing locally generated components with high spatial frequencies). The partial average reference again showed significantly delayed P2 components among the AD group whether measured from the P1 (p<.0033) or the P100 (p<.0009) but the classification accuracy for the P1-P2 (64%; sensitivity 76%; specificity 55%) and for the P100-P2 (69%; sensitivity 44%; specificity 87%) again were too low to add meaningful information to the McKhann diagnostic process. The Hjorth reference showed nonsignificant P2 component delays among the AD group whether measured from the P1 (p<.6691) or P100 (p<.133). The very significant between group differences obtained using average reference systems suggests that pathognomonic information is contained within VEP data, but present flash VEP techniques do not adequately capture that information. Refinement of the visual stimulus may be necessary to accentuate specifically damaged cortical association areas. The purpose is to project sources derived from EEG measurements onto an MR image of the same subject. Here, the use of the so-called chamfer matching method is explored. The surface of a subject's skin, automatically segmented from the MR image, is matched with a set of points measured with a 3D digitizer on the subject's head. The point list contains the electrode positions as a subset. Since the electric sources are computed with respect to the electrode grid, the optimal transformation maps the electric sources onto the MR image. -It was found that the digitizer (a Polhemus system) contains a systematic error which can be compensated by allowing an anisotropic scaling of the coordinates. It appears that in general a scaling of about 10% in all directions is necessary. The remaining random error is about 2 to 3 mm. A simulation study showed that for superficial points the registration error is about 25% larger than the random error of the digitizer. For points at the center of the head the error is less than two thirds the digitization error. With the more traditional method, based on the correspondence of 4 corresponding landmarks, the registration error is about two times the error in the landmark positions. To elucidate the human visual information processing mechanisms, simultaneous EEG and positron emission tomography (PET) studies were carried out in 22 normal male volunteers during continuous performance task (CPT) paradigms. Cerebral blood flow (CBF) was measured repeatedly with PET and the results were analyzed by the significance probability mapping with a three-dimensional configuration. A 32-channel EEG was also recorded during CPT. Informed consent was obtained from all subjects. When the accumulated CBF images during complicated high demand tasks were compared with those during simple low demand tasks, a significant increase of CBF (activation) was seen in the anterior part of the cingulate gyri and EEG activation was also seen in the frontal regions. The accumulated CBF images during discriminating famous persons' faces were compared with those during discriminating simple geometric figures or two-hiragana words; a strong activation was seen in the hippocampal formation, fusiform gyri and lingual gyri in a right-side dominant fashion on PET images. These results suggest a close relationship between the electrophysiological changes provided by the event-related potential technique which has a great temporal resolution and the hemodynamic changes given by PET which has a strong spatial information. tation is a valuable method to detect subtle functional changes related with perception and perceptual processing. frequency was 500 Hz. Functional segmentation was performed on the grand averages according to global field power (GFP) and dissimilarity curves, and independently according to the centroid locations. The number of errors of omissions did not differentiate both groups, however the number of commissions was significantly higher in patients (t=3.12, p<0.009). The latency to maximal GFP in the microstate at 284-339 msec was significantly shortened in the patient group (U=4.0, p<0.043). In ADHD children we did not observe the increase of GFP in reaction to target (compared to nontarget condition) in the P3 microstates (at 226-283 msec and 284-339 msec) which was evident in healthy subjects. The map topography of the P3 microstates showed a more anterior positivity in healthy subjects. In 1952, chlorpromazine was introduced by Delay and Deniker in the field of treatment of schizophrenia and the clinical psychopharmacology came into flower. The discovery of haloperidole by Janssen gave impetus to its full blown. The introduction of various kinds of neuroleptics advanced the pharmacological remedy of schizophrenia and contributed to its recovery rate. Moreover, the discovery of the mechanism of these neuroleptics produced the dopamine-hypothesis and many other neuroleptics became developed in the world. However, it is well known that still more treatment-resistent schizophrenics exist and negative symptoms do not well respond to pharmaco-therapy. -In order to overcome these problems, new types of neuroleptics are now extensively developed. I will report the new trends of the developmental situation of neuroleptics in Japan. -The following gives an overview: (1) Old type of SDA: clozapine, early phase 2 study. (2) New type of SDA: risperidone, approved; perospirone, NDA-file; olanzapine, phase 3 study; sertindole, phase 3 study; quetiapine, phase 3 study; AD-5423, phase 3 study; ziprasidone, late phase 2 study. Movement-related EEG reactivity has been evaluated for various movement-experiments during the periods both preceding and following movement. These movement-experiments included self-paced extension and flexion movements of single fingers, the hand or the foot. The EEG was recorded form closely spaced electrode locations over sensorimotor areas, and the Laplacian operator method was used to obtain reference-free derivations. Movement-sensitive frequency bands displaying the largest event-related desynchronization (ERD) during initiation of movement and the largest synchronization (ERS) following movement were individually defined according to significant differences between power spectral density in the reference period and
Spatio-Temporal Activation
Diagnostic Utility of VEP Changes in
Registration of EEG and MRI Using
Simultaneous EEG and PET Studies During
New Trends in the Development
The Spatiotemporal EEG Features in Mental Task Solving. -A.R. Nikolaev (Institute of Higher Nervous Activity and Neurophysiology, Moscow, Russia).
Forty-three subjects performed two types of mental task. The spatial task was a mental rotation of geometrical figures. The verbal task was a search of the mismatching word among 4 words. -The EEG data from 10 sites in the same conditions were analyzed by two methods: The first was the Intracortical Interaction Mapping (IIM) (Ivanitsky 1993) . The method is based on the search of coincidence of the frequency peaks in the spectral curves of different sites. It was supposed that the number of coinciding peaks reflects the level of functional connection. The second method was an analysis of EEG spectra in short time intervals (500 ms window with 250 ms shifts) (Nikolaev et al. 1996) . The probability of appearance of spectral maxima in each time interval was calculated. -Two distinct patterns of connections were found in the beta-band (13-20 Hz). There were some common connections for both tasks which predominantly localized in the posterior and left areas. The specific connections for the spatial tasks were in the right parietal and temporal regions which are essential for spatial thinking. For verbal tasks the center of connections was in the left central area. During the first 800 ms the connection patterns were similar in both tasks (the perceptual stage). The frequency parameters of the beta connections were steady in the spatial task. In the verbal task the dominant frequency changed after the first stage probably due to switching to another thinking mechanism. The neuromagnetic field, the spontanous magnetic activity of a newborn infant has a very strong intensity. Nevertheless it is useful to record the EEG simultaneously to compare the recorded signals. The magnetoencephalogram (MEG) has a number of advantages over electroencephalography. It needs less time, and electrodes are not necessary for data collection in MEG. Moreover it is easier to prepare the infant for the study. In the present study, magnetoencephalographic measurements were performed on a mature neonate with an right-sided cerebral bleeding. We used a 62-channel twin-dewar device made by PHILIPS. In the case of MEG-recordings of newborn infants only one dewar with 31 channels is used. Simultaneously, we recorded electric potentials (EEG: 8 channels, reduced 10-20-system). We obtained an MRI of the infant head to get anatomical information. It could be shown that similar patterns can be obtained using MEG and EEG. These conclusions need to be further studied to determine their significance. It seems that MEG can be a useful clinical technique for obtaining information about the developing central nervous system. in selected pre-and post-movement periods. For the reactive frequency bands, the average percentage power time courses were computed (ERD method). -The results obtained show that a short-lasting power increase (ERS) of beta band components following movement can be found with different types of motor tasks. These enhanced beta oscillations show subject-specific resonance frequencies, depending on the type of movement (e.g., finger vs. foot movement). The topographic distibution of the beta bursts shows a circumscribed localization close to the corresponding primary motor representation area and /or premotor areas. This post-movement beta ERS is interpreted as a correlate of post-movement resetting in the form of an idling state or even an active inhibition of previously activated sensorimotor structures. The electric potential and the magnetic field provide different information about neuronal processes generated within the brain. Therefore, we investigated epileptic spikes by simultaneous MEG and ECoG recordings. Spikes were initiated by stereotactic intracortical penicillin injection in rabbits. The MEG measurement was performed in a magnetically shielded room (amuneal) by a special 16-channel biomagnetic measurement device designed and built by us. The SQUID system consists of parallel first order asymmetric gradiometers (diameter of the pick up coils: 6.7 mm, baselength: 30 mm). Typical values of the flux density noise are about 20 fT/sqrt(Hz). The distance between pick up coil -outer dewar is 4 mm and between pick up coil -cortical surface 7 is extremely small. -The electric potential was recorded by means of a 4*4 electrode array (interelectrode distance: 1 mm) at the cortical surface just above the region of penicillin application. Because of the very high SNR of the MEG and the simultaneously detected electric potential, investigations of the spatio-temporal patterns of EEG Changes Induced by Imaging "Sarpuri". -J. Park*, T. Hirai*, N. Saito**,***, T. Yagyu** and T. Kinoshita** (*Dept. of Sport Science, Nara Women's University, Nara, Japan; **Dept. Power spectra offer great possibilities in EEG analysis. Automatic measurement does not distinguish which wave type is calculated. We examined a 14 year old girl who suffered from deja vecu (new situations are experienced as already known) -a typical temporal epilepsy symptom, hearing voices -, absences (short loss of conscience), and headache. Clinically there was elevated blood pressure (systolic to 160 mmHg), lowered blood glucose level, and insufficient right brain blood supply. Two examinations were done. The patient lay in an electrically and acoustically shielded box. Signals were amplified with a Grass model 12C system and digitized (bandpass 0.3-100 Hz, sampling frequency 128 Hz). Five minutes of hyperventilation was included during the examination. The software PkNeuroTrack 1.5 (by one of the authors) was used for off-line analysis. Not well-defined spikes were found. Power spectrum mapping (calculated by FFT) showed abnormalities when done for epochs of 8-12 seconds (longer ones were artifacted by breathing or/and eye movements). Calculating the power spectrum from much shorter (about 1 sec) epochs revealed two extrema of theta and alpha/kappa rhythms -situated within temporal lobes. We suggest that analyzing short segments of EEG can be clinically useful, in particular for better assessments of the kappa rhythm. Conventional non-invasive electrophysiological methods make use of multichannel scalp EEG signals for this purpose. However, a scalp EEG signal is generally not proportional to the electric neuronal activity of the cortex underlying the electrode. An approximate solution to this problem is presented here, based on LORETA estimates of the electric neuronal activity (Pascual-Marqui et al. Int. J. Psychophysiol. 1994, 18:49-65) . The spatial correlation structure is modeled in terms of contributions from homogeneous connections (short range connections between any two neighboring regions in the brain), and from functional connections (between remote regions). This method was applied in a LORETA-based analysis of EEG recordings performed during awakeresting condition in two groups of subjects: nine untreated, first-break, acute schizophrenic patients and 36 normal control subjects (who were collected and diagnosed by M. Koukkou in Bern). It was found that the relative amount of whole-brain functional connections, with respect to total connectivity, was significantly lower in the schizophrenic group. It was also observed that the homogeneous short-range connectivity had a significantly smaller spatial spread in the schizophrenic group. These results are also in agreement with a Markov process description of LORETA microstates, which shows in more detail the transition rates between different active neuronal populations.
Neonatal Cerebral Bleeding of a Mature
Epileptic Spikes Detected by Simultaneous
-A direct comparison of scalp electric potential maps, for left vs right visual field stimulation, based on a Monte Carlo randomization test, showed that significant differences start as early as 48 ms after stimulus onset, supporting the hypothesis that the early activation is related to visual processing due to its sensitivity to visual field location. -In addition we computed for each subject the current density field inside the 3D brain volume by means of a low spatial resolution brain electromagnetic tomography (LORETA). For stimulation of the left or right hemiretina, at around 115 ms latency there was a significant activity maximum in the ipsilateral occipital cortex, followed by a second maximum around 150 ms in the contralateral hemisphere. With central field stimulation we observed significant activity around 115 ms in both occipital cortices, while the second component was missing in this condition. -Our results suggest that the 115 ms activity maximum for hemiretinal stimulation is due to direct ipsilateral activation of the visual cortex, probably followed by transcallosal activation of the contralateral visual cortex some 40 ms later. The fact that the later component is not seen with central stimulation may be explained by a model that assumes contralateral activation and ipsilateral local inhibition in the visual cortex. With central field stimulation these excitatory and inhibitory postsynaptic potentials cancel while with lateralized stimuli contralateral activation dominates. Purpose: We have developed a method to determine the delay and (nonlinear) associations between signals from different brain areas (for the analysis of spread of epileptic seizures). We made the method fully automatic in order to allow large-scale application in clinical settings. -Method: The highest peak of a cross-association function cannot always be used for a reliable estimation of a delay. We defined criteria according to which a peak may be used for that purpose. Essential properties to test whether a peak fulfills the criteria are extracted from the cross-association functions using a piecewise linear approximation of these functions. Results: The method was used to lateralise the zone of ictal onset of seizures in patients with secondary bilateral synchronization on scalp EEG, which could not be done by conventional methods, i.e., without intracranial seizure recordings. Software for an automatic analysis based on our method is now commercially available (ONYXTM, manufactured by SBI, Heemstede, The Netherlands). -Conclusion: This is a reliable method for displaying a pattern of association and delays between electric and/or magnetic signals from the brain. The method may be used to determine the process of seizure spread in difficult cases of fast-spreading seizures. Using event-related potential (ERP) brain fields and a lateralized single word reading paradigm, we investigated the brain-electric representation of emotional word content and its relation to different hemispheric involvement in emotional processing. 27-channel ERP fields were recorded from 18 normals during random lateralized single noun presentation. Based on the subjects post-hoc word ratings, ERPs were computed separately for "negative", "neutral" and "positive" try, Zurich, Switzerland).
Automatic Peak Discrimination in Delay Estimates
Intra-and Interhemispheric
EEG changes during "Sarpuri", a traditional Korean shamanistic dance, were quantitatively analyzed. One of the authors of this study is a professional "Sarpuri" dancer; an ecstatic feeling is experienced during her performances of imaging. In this study we attempted to investigate the electric brain function during this specific emotion. Before and during the dance imaging with "Sarpuri" music, EEG data were recorded repeatedly from 19 positions of the 10/20 system with a band pass of 1.0-30.0Hz. Twenty artifact-free 2sec epochs were sampled from EEG data of 10 sessions using the Bio-logic Brain Atlas system. Eight recording sessions out of 10 were also selected and classified into two sub-groups by subjective assessment, 4 with good imaging (successfully getting into ecstatic feelings) and 4 with poor imaging (failing to achieve ecstasy). Higher Global Field Power (GFP) in the alpha band was noticed in imaging condition as compared to resting before imaging, in spite of the same peak power at 10Hz. Furthermore, alpha activity during imaging was left lateralized. EEG during good imagings had a tendency to more Fm-theta in imaging condition and higher GFP even during resting before imaging than during poor ones. These results indicate that the "Sarpuri" imaging changes brain electrical activity and the changes differ according to the ecstatic feelings. The electromagnetic activity of the human brain can be measured as EEG and as MEG. Both types of measurement contain partially independent information, so it is useful to consider both parallel for source localization. The in Aachen developed program CAUCHY uses the FEM method to represent a realistically shaped model of the head. CAUCHY, initially designed to reconstruct sources from EEG data, was extended to the treatment of MEG measurements and to the parallel treatment of MEG and EEG. The latter is done by taking the noise of each measurement channel into account. It was shown, that the FEM mesh is sufficiently fine for the MEG forward solution, when it is fine enough for the EEG forward solution (about 15,000 nodes). When computing the MEG forward solution the realistic geometry of the flux transformers is considered without additional effort in computing time. The effect is in the scale of the expected noise of MEG measurements and should be considered. Using synthetic noisy measurements and the Simulated Annealing algorithm it was shown that the parallel usage of MEG and EEG data improves the solution considerably. Using the noisy MEG data, two of four arbitrary chosen sources where clearly reconstructed, with EEG and MEG data all four sources where correctly reconstructed. Meta-analytical reaction time (RT) studies have advanced the view that the R-to-L inter-hemispheric transmission time (i.e., IHTT) is shorter than the L-to-R one. Electrophysiological studies based on visual RT tasks provided robust evidence for this directional asymmetry. These findings have been interpreted as an asymmetric IHTT of motor information. However, evidence has been presented of an asymmetric IHTT for the sensory P1 response recorded at occipital scalp sites during a passive gazing task of hemi-foveal gratings. This suggested an asymmetric IHTT of visual information in the visual pathways. -To disentangle possible asymmetries in the IHTT of visual information from motor ones, we recorded ERPs from 30 electrodes while subjects performed different visuo-motor tasks based on the same stimuli. In different runs, they had (a) to passively gaze at sequences of two gratings laterally presented in two upper hemi-sectors of the visual field, (b) give a motor response to all the gratings alternatively with the left or right hand, and (c) to respond with one hand to only a grating in both hemi-sectors. Spatio-temporal CSD mapping of ERPs showed task-related differences in the topographic distribution of current signals, although an asymmetric IHTT was present in all tasks. This suggests that the asymmetric IHTT is not uniquely motor.
Parallel Analysis of EEG and MEG
Topographic Mapping of ERP Measures of IHTT in
words and both hemispheres. The ERP field landscape displayed previously observed periods of quasi-stable map configuration (microstates) that assumingly correspond to basic steps of information processing. During an early microstate (116-188 ms post-stimulus) and independent of the stimulated hemisphere, the field configuration was consistently altered by emotional compared to neutral words; positive and negative words went in the same direction compared to neutral. When the emotional quality was considered, the left hemisphere showed largest differences between positive and neutral words, negative and neutral were more similar. During right hemisphere stimulation, the difference between negative and neutral words was predominant. We conclude that a) emotional evaluation takes place at an early stage, b) neutral meaning is not between positive and negative meaning, and c) negative and positive meaning are differentially weighted by both hemispheres. discretisation from the error due to changed sc. The le caused by a wrong value of the sc depends on the location and the orientation of the source and the amount of electrodes in its vicinity. The overall error due to a sc 1.5 times and 0.67 times the standard sc is about 5 mm in both models. The effect of inhomogeneous sc was examined. The consideration of low conducting temporal bone produced almost no effect, whereas the consideration of a well conducting suture line caused important errors up to 10 mm for testdipoles below the suture. EEG-data sources of brain activity can be computed, considering inter alia the electrical conductivities (ec's) of the head tissues. Because of the difficulties determining the in vivo ec's, parameter variations were carried out to get information about the importance and the usefulness of getting more reliable values of the ec's, especially of the skull conductivity (sc). Misspecified ec's are used to calculate the forward solution for several thousand testdipoles. After that for each calculated potential distribution a deviation scan was performed using standard values of the ec's. The resulting localization errors (le's) served as a reference gage to the changed ec's. Two different refinements of the realistic FEM head model were used to separate the error due to FEM In electrophysiological research spherical spline functions are used either for topographic mapping of the surface potentials, or for the estimation of Scalp Current Density (SCD) fields as described by Perrin (1989) . Advantages of this technique are an improved reliability of the estimates at the borders of the electrode montage as compared to other methods (e.g., Hjorth derivations) and a relatively short computation time for SCO's. Although this method is adequate for averaged ERP's, using it for single trials results in larger estimation errors, due to the smaller signal-to-noise ratio. To increase the signal-to-noise ratio a smoothing factor is introduced that levels the noise over the electrodes. The spatial distribution of the noise is assumed to be uncorrelated, whereas the event-related part of the signal is highly correlated over the electrodes. In the present study the smoothing factor lambda and order m of the splines are estimated using the "leave-one-out" method as described by Wahba (1990) . The root mean square of all errors in the estimations on each omitted electrode position, is minimized as a function of lambda and m. This provides us with a quality measure for the estimation itself. Results are compared with other methods described in literature both for averaged ERPs and for single trials.
Sensitivity of Source Localization in the Human
The Origin of the Alpha Rhythm. -J. Riera, E. Aubert, R. Casanova, J. Bosch, R. Biscay and P. Valdes (Cuban Neuroscience Center, Habana, Cuba).
Previous work using stochastic dipole modeling in the frequency domain (Valdes et al. 1992) suggested an occipital origin for the alpha rhythm. However discrete source modeling begs the question of localization since it is incapable of modeling distributed neural processes. This presentation uses LORETA and VARETA to examine the brain systems underlying alpha rhythm. Inverse solutions of seven different high resolution (120) channel EEG recordings are obtained using both individual and population statistical neuroanatomic constraints. The latter are obtained by means of a new method using a Probabilistic Brain Atlas in Electrical Brain Tomography. Statistically significant "hot spots "and their correlations are assessed using the theory developed for multidimensional random fields (Worsley et al. 1996 , Valdes et al. 1997 . Low resolution (19 channels) EEG recording in 321 subjects provide results compatible with those obtained with higher channel density.
cause of the decreased MRI-signal. -For analysis of the EPI sequences two methods, the classical t-test and a new approach based on the correlation technique were compared. Using correlation technique it is now possible to obtain the time course and the phase lag of functional activated regions simultaneously. With our first experiments we present the results of four types of stimuli: i) Fingertapping, ii) Touch, iii) Pain: impact stimulus, iv) Pain: phasic stimulus. Depending on the type of stimuli we detected different functional activated regions with several clusters. These clusters were assigned to the human cortex and characterised by "quality parameters" like signal to noise ratio or the bold contrast. The time courses of the clusters differ as well as the quality parameters. The activation during pain and touch stimuli last clearly longer as compared to fingertapping. We use ERP components as functional indicators of information processing in order to identify the effect of impulsivity on processing stages. The first experiment consisted of a response competition task, the second study was a Go/NoGo task. In each experiment EEG was recorded from Fz, Cz, Pz, C3' and C4'. The lateralized readiness potential (LRP) was used as a central index for the onset of movement. The two studies pointed out the following conclusions: (1) reaction time (RT) was delayed for impulsive Ss in both experiments; (2) in both studies terminal CNV's for non impulsive Ss had a significantly larger amplitude; (3) as in other studies, a negative correlation was found between P300 amplitude and impulsivity; (4) impulsive Ss showed more frontal negativity in the N200 range; (5) no differences were found in the central onset of movement indexed by the LRP in both studies, although NoGo-LRP's seem to be larger for impulsive Ss in the second experiment. These results were interpreted bearing in mind a reduced motor readiness state or motor preparation of impulsive Ss as reflected by different ERP parameters. Introduction: Periictal speech abnormalities as important diagnostic tools in presurgial epilepsy diagnosis are compared with chemical shift imaging (CSI) MRI spectrosopy. Patients and methods: In 15 patients with drug resistant cryptogenic temporal lobe epilepsy (TLE) seizures were anlysed for periictal speech abnormalities. In all patients consecutive acquisition of high spatial resolution CSI was done. Results were compared with ictal and interictal EEG during simultaneous video EEG monitoring and MRI. Results: CSI spectroscpopy of hippocampal formation showed significant results for both hemispheres. 4 patients with a right temporal focus showed a pathological CSI shift on the right side, 1 patient bilateral pathologic abnormalities with predominance on the right side (R>L). Patients with a left temporal focus (n=7) showed a left hippocampal CSI shift in 4 cases, a bilateral shift (L>R) in 3 cases. These data correlated significantly with postictal speech disturbances, found in 7 patients with left TLE and two patients with a bilateral focus. Discussion: CSI patterns correlate well with the clinical and electrophysiological focus area. In bilateral temporal lobe epilepsies speech disturbances occur, if there is a predominace of CSI changes in the dominant hemisphere. This study presents results of a re-analysis of EEG data gathered in order to examine DC potential changes during spatial and verbal processing. EEG of 20 right-handed male volunteers was recorded from 19 equidistant matrix locations (close to the 10/20 system) against linked mastoids. The spatial items were derived from the Three-dimensional Cube Test, 3DC (Gittler 1990) ; the verbal task (VER) consisted of "analogy" items. In total, about 90 items of each kind were presented. For re-analyses, band pass filtered (0,5Hz -30Hz) 9s epochs were selected: 4s pre-stimulus interval for computation of control parameters, and 5s post-stimulus interval. Amplitude and coherence values were computed for 6 frequency bands. A descriptive statistic was applied to present differences between tasks and between pre-selected good and poor 3DC performers. During the 3DC task, coherence increased between right temporo-parieto-occiptal electrodes in the lower beta bands with a simultaneous decrease of amplitudes. This hints at the involvement of the right posterior cortex. In good test performers, these effects were much more pronounced than in poor performers. During the VER task, coherence increased between the left temporo-centro-parietal electrodes in the alpha and betal band, whereas the opposite was the case on the other hemisphere. Almost no differences were found between both 3DC subgroups concerning the results of the VER task. ( We studied effects of time pressure on slow cortical potentials (ERP), focussing on the late positive complex (P300) and brain-motor related potentials (terminal CNV and Lateralized Readiness Potential -LRP). Previous studies differed: Pfefferbaum et al. (1983) concluded that speed-instructions influence response processing stages, whereas Kutas et al. (1977) found an influence on stimulus evaluation processes (reducing P300 latency). Both found increased P300 amplitude, explained by possible differences in effort, alertness or arousal in speedaccuracy conditions. In our experiment 16 Ss performed a choice reaction time task (Eriksen and Eriksen 1974) under speed and under accuracy instructions. EEG was recorded from Fz, Cz, Pz, C3' and C4', and vertical and horizontal EOG. The choice reaction time was about 47 msec shorter (F=26.38; p=0.000) and error rate about 10% higher (F=24.57; p=0.000) under speed instructions than under accuracy conditions. Terminal CNV amplitude increased in speed conditions (F=6.07; p=0.027), greater at Cz than Fz (F=7.07; p=0.019). P300 amplitude tended to be larger (but not significantly) in speed condition. As in previous studies, P300 latency was not reduced significantly confirming that time pressure did not affect stimulus evaluation processes, remaining constant across time pressure conditions (Falkenstein et al. 1994) . LRP onset was not modified under speed instructions, but LRP peak latency was reduced significantly (F=5.31; p=0.037). As LRP is considered a chronometric measure of motor processing stages (Coles 1989), we conclude, in agreement with others (Pfefferbaum et al. 1983) , that (1) partial effect of time pressure could be localized in motor execution after movement onset, and (2) Ss remain in a different motor readiness state during speed condition. Mismatch negativity (MMN) as a component of event-related potentials reflects the cortical reaction to sudden changes in a repetitive acoustic input. This mismatch reaction appears to index an automatic preattentive stage of information processing and is supposed to depict activation of neuronal structures within the primary auditory cortex or adjacent supratemporal auditory regions. Javitt et al. (1995) could recently demonstrate an impaired MMN in schizophrenics by means of EEG. Based on these findings and our magnetoencephalographic results concerning disturbed sensory processing in schizophrenics, we designed a MEG study to detect functional changes of early attention processes in schizophrenia. Twelve male schizophrenics and the same number of controls underwent MEG ecordings with a 31-channel Philips system while they were stimulated monoaurally with a 30% probability for mismatch tones. A standard stimulus of 1000 Hz and three kinds of mismatch (1050 Hz, 5000 Hz and tone omission) were employed. Preliminary results revealed a significant mismatch reaction in controls at about 160 ms over both hemispheres. In patients, we found significant deficits for this range on the left side and a trend towards a less pronounced mismatch reaction over the right hemisphere. The overall mismatch reaction of schizophrenics (between 100-200 ms) did not reach the significance level. These findings supply further evidence for a disturbance of left temporal lobe functions in male schizophrenics. impulsive SS was due to the interval between the onset of movement (LRP-onset) and the RT. This interval correlates positively with impulsivity. As predicted by some biological models of extraversion, the impulsivity dimension modulates response processes rather then stimulus-evaluation processes.
EEG Amplitude and Coherence Changes during
Neuromagnetic Auditory Mismatch Reaction in
tive ones, potentially indicating that scanning time was slightly faster in the positive condition. This may indicate that STM scanning is serial, but terminates when matching occurs. (Supported by USPHS MH47476 and MH15442).
Neuromagnetic Alpha-Suppression during an Auditory Sternberg Paradigm. -D. Rojas*, P. Teale*, J. Sheeder*, J. Walker* and M. Reite*,** (*University of Colorado Health Sciences Center, USA; **Denver VAMC, USA).
Reaction times (RT) during the Sternberg memory paradigm generally increase with memory set size, but do not differ for positive and negative probe stimuli. Sternberg proposed that this indicated that short-term memory (STM) scanning is both exhaustive and serial. However, this notion has received much criticism, primarily because RT may also reflect response selection factors. Magnetoencephalographic (MEG) recordings of auditory alpha-suppression have previously demonstrated that suppression duration is correlated with set size, potentially providing a physiological index of memory scanning time. The current study expands earlier research into this metric by separately analyzing positive and negative probes. Thirteen normal adults participated in an auditory Sternberg paradigm. Pure tones were presented in memory set/probe combinations where the probe had a 50 percent chance of being within the memory set, and RT and accuracy were measured. MEG data were recorded over the posterior auditory M100 extremum with a BTi Model 607, neuromagnetometer system. Alphaband activity (8-12Hz) was quantified for pre-and post-stimulus regions. Although RT did not differ for positive and negative probes, alpha-suppression duration was greater for negative probes than posi- Previous studies found abnormalities in dipole orientation and location for the auditory evoked magnetic field M100 in schizophrenics, but these works revealed no uniform results. Especially the question whether the physiological asymmetry in the dipole localizations between the left and right hemisphere is gender-specifically more pronounced in female and reduced in male schizophrenics (Reite et al. 1996) , non-existent (Hajek et al. 1996) , or, independent of sex, reduced or even reversed (Karhu et al. 1996) could not be resolved. A further study on this topic was clearly indicated to elucidate this question in more detail. Auditory evoked fields of 12 male medicated schizophrenics and the same number of controls were recorded contralaterally to the stimulated ear using a 31-channel MEG system (Philips). As in earlier studies, 1000 Hz tone pips were used as stimuli. All subjects received cerebral MRI scans in order to create an individual head-based coordinate system for an exact localization of the focal source within the individuals' anatomy. In contrast to earlier studies, these coordinate values were normalized to the individual head size and, additionally, ocular artifacts in the MEG were corrected. First results of this study are presented with respect to a number of methodological considerations and compared to earlier results. OMEGA-Complexity was calculated from 19-channel EEG data from 9 non-treated, first-break schizophrenics and 9 age-and sexmatched controls. Twenty artifact-free 2 second EEG epochs were analyzed (average reference, 2-30 Hz bandpass) recorded during eyes closed resting. OMEGA-Complexity (J. Wackermann, Acta Neurobiol. Exp. 1996) as a variable to assess the dimensional complexity of global or regional brain electrical activity of multichannel EEG by a onenumber estimator. Besides the Global OMEGA-Complexity computed from the entire scalp data, Regional Omega-Complexity based on the data from the left, right, anterior and posterior head areas was calculated: Fpl, F3, F7, T3, T5, C3, P3 and O1 were used for the left hemisphere, and the corresponding locations for the right one. Fp1/2, F3/4, F7/8 and Fz for the anterior region, and T5/6, P3/4, Pz and O1/2 for the posterior region. -The anterior Regional OMEGA-Complexity was significantly increased in schizophrenics compared with controls (p<0.002), but there were no differences of left, right and posterior Regional OMEGA-Complexity between the groups. Also, there was no significant difference of Global OMEGA-Complexity. -It is speculated that neuronal activities in anterior areas are needed to compensate for other brain dysfunctions or, that abnormal electric hyperactivity in anterior brain areas is related to positive symptoms in schizophrenics. Endogenous ACTH is thought to modulate brain function independent of CNS steroid effect, and brain electrophysiology can be expected to reflect this modulatory action in physiological conditions. Six multi-lead EEG (power spectral analysis) recordings and plasma/serum assessments of ACTH, cortisol and glucose (RIA or hexokinase/G6p-DH essay) were obtained per each of 8 healthy male subjects (24.5±1.8 yr.) in controlled conditions within a 6-h period. The power of EEG 'alpha' activity and the spontaneous fluctuations of plasma ACTH in the physiological range (3.1-17.6 pmol/L) were correlated, in the absence of pulsatile changes or indication of hormonal response to stress. The correlation was approximated by a quadratic regression model, with estimated maximum EEG power at 12-14 pmol/L ACTH. The EEG changes proved independent of the extent of variation of ACTH. Two subgroups of subjects could be separated, with apparent cutoff at 8-10 pmol/L, with different topographic distributions of 'alpha' activity. No correlation was observed between any EEG parameter and the physiological concentrations of cortisol or glucose (7.8-47.2 nmol/L and 3.37-5.6 mmol/L). The results suggest a direct ACTH modulation on brain structures regulating brain electrophysiology or common factors (e.g., corticotropin-releasing hormone) pacing both ACTH and the EEG over time. The results provide possible interpretations for individual differences of the EEG patterns.
OMEGA-Complexity in
The EEG concomitants of sedation following acute administration of selective histamine H1 antagonist cetirizine at established antihistamine doses (10-20 mg) were investigated in a cross-over, placebo-controlled study on healthy male volunteers (23-29 yr.). With average cetirizine Cmax of 697.0 ng/ml (10 mg) and 1000.1 ng/ml (20 mg), the skin response to histamine was reduced (24.0 -74.9% depending on histamine concentration) without dose-dependence for cetirizine. In the absence of behavioral or neuropsychological signs of sedation, the 6.5-14.5 Hz EEG power increased after cetirizine 20 mg, with anterior scalp preponderance; this effect proved accounted for by substantial power increase in the 6.5-8.0 Hz frequency subsegment. In these experimental conditions, this phenomenon is regarded as an established, early EEG indication of mild sedation (vigilance "stage A"). No EEG effects were observed after placebo or cetirizine, 10 mg. Some H1 specificity of mechanisms modulating vigilance in wakefulness and a cetirizine threshold dose for sedation are suggested.
EEG Mapping in Neuropsychopharmacology. -B. Saletu (Dept. of Psychiatry, University of Vienna, Austria).
EEG mapping has been proven to be a valuable method to classify psychotropic drugs and to evaluate objectively their cerebral bioavailability. Specifically, one may determine at an early stage of drug development: 1) Whether a drug is CNS effective at all as compared with placebo in man; 2) What its clinical efficacy will eventually be like; 3) At which dosage it acts; 4) At which time it acts; 5) The equipotent dosages of different galenic formulations. Pharmaco-EEG profiles and maps of neuroleptics, antidepressants, tranquilizers, hypnotics, psychostimulants and antihypoxidotic/nootropics are described. It is intriguing that drug-induced changes are in certain instances just opposite to EEG differences between diagnostic patient groups and normal controls (e.g., tranquilizer-induced changes are opposite to differences between generalized anxiety patients and normal controls). EEG characteristics of 9 mental disorders (schizophrenia with predominantly minus and plus symptomatology, major depression, generalized anxiety disorder, phobic disorder, obsessive compulsive disorder, multi-infarct dementia, dementia of the Alzheimer type, alcohol dependence) as compared to normal controls will be demonstrated. Methodological problems will be discussed as will be the relationships between acute and chronic drug effects, alterations in normals and patients, CNS effect and therapeutic efficacy and pharmacokinetic and pharmacodynamic data. The effect of cholinergic blocking on cortical, narrow-band (ca. 80-150 Hz) oscillatory response to flash stimuli (fullfield at 0.9-3.5 c m s -2 or in spots of 1-3 cm at 5-25° retinal eccentricity) was investigated in volunteers. Recordings were at retinal level (vs. mastoids) and at parietal-occipital location (28-channel neuromagnetometer; 16 gradiometers, 9 magnetometers, 3 cancellation coils) (CNR-IESS, Rome). High-pass filtering was at 80 Hz. Oscillatory 100-110 Hz responses superimposed on waves N2-P2 of VEP were recorded at occipital level without high-pass filtering distortion and with 27 ms average delay from retinal oscillations. Broad-band VEP were recordable after spot stimulation regardless of diameter and eccentricity in the 525° range; no cortical oscillatory responses to spots were recorded at eccentricities of, or greater than 15°. Acute i.m. scopolamine (0.006-0.008 mg/kg) reduced waves P2-N3 and enhanced waves N2 of VEP. Scopolamine increased the time-locking factor of the cortical oscillatory responses vs stimulus when stimulation was full-field and reduced it when stimulation was in spot. Physiological and pathological implications in terms of cortical synchronization processes exist.
HI -Selective Antihistamine Effect and EEG
the future study of this disorder. Although there is neurophysiological and anatomical evidence of parallel visual pathways, which would allow fast and efficient analysis, it is still generally believed that complex visual analysis is carried out later than 100 ms. Here we show that intra-and extracranial visual evoked potentials (VEP) differentiate previously seen faces from novel faces already at 50 ms. EEG was recorded from scalp electrodes on 12 male healthy volunteers (group I) and intracranially from implanted depth electrodes in the temporal and frontal cortex of 7 epilepsy patients (group II). Both groups were engaged in a task requiring the discrimination of repeated from non-repeated faces. All subjects showed significant differential responses which occurred very early, i.e., between 50 and 90 ms, and later, i.e., between 190 and 600 ms. In group II, the early responses were recorded more frequently in the right hemisphere, whereas the late differential VEPs electrophysiological responses were found in both hemispheres. Both types of VEPs were more frequent in mid-and inferotemporal neocortical sites and were present even when the explicit recognition performance was at chance level. Mapping and imaging procedures in the evaluation of patients with epilepsy have several uses. First, clinicians want to know if there is an anatomically identifiable abnormality that may co-exist with the epileptic disorder or even be the presumed cause of it. Second, localization of the epileptic area within the brain is helpful in the clinical correlation of seizure related and interictal behaviors. Third, if planning a surgical approach to the epilepsy, it is essential to know preoperatively where vital cognitive functions reside either to avoid those regions altogether or in the preoperative advice to the patient regarding possible post operative deficits that may be surgically induced. As a corollary, in following patients long term postoperatively, it is important to gauge how functions, as determined by preoperative and serial studies, change in their CNS representations. -This talk will review the advantages, disadvantages and limitations of various currently widely used brain imaging modalities in the initial or the preoperative evaluation of persons with epilepsy. It will review some of the neurophysiological techniques available for studying the electrical onset of a seizure. It will discuss the techniques to evaluate essential function localization such as handedness, language and memory. Finally, it will discuss newer multimodal and non-invasive measures that are gaining recognition in the study of cognition and how they may play a role in Several authors found that the EEG coherence function seems to reflect mental activities. Because of the shortness of elementary cognitive processes it is necessary to use methods for estimating the coherence function with high time resolution. Accordingly, a special dynamic parametric approach was applied. The EEG and the MEG were recorded simultaneously and local coherences between defined EEG channels and between MEG channels were calculated. For the investigation of the influence of the reference, EEGs referenced to different electrodes were examined because it is known that the coherence between two EEG channels depends on the chosen reference. The following results can be pointed out: 1. A strong relationship between elementary cognitive processes and changes of the instantaneous EEG coherence of the electrode pair T5/P3 within the frequency band of 13-20 Hz was found in the case of using a linked ears reference. -2. For the examined elementary cognitive processes, the time courses of the EEG coherences in the left parietal/temporal region with linked ears reference showed the same tendencies as the time courses of the MEG coherences in the same region. A method is proposed for extracting target dipole-source activities from two sets of evoked MEG data, one measured using task stimuli and the other using control stimuli. The difference matrix between the two covariance matrices obtained from these two measurements is calculated, and a procedure similar to the multiple signal classification (MUSIC) algorithm is applied to this difference matrix to extract the target dipole-source configuration. This configuration corresponds to the source-configuration difference between the two measurements. Computer simulation verified the validity of the proposed method. The method was applied to actual evoked-field data obtained from simulated task-and-control experiments. In these measurements, a combination of auditory and somatosensory stimuli was used as the task stimulus and the somatosensory stimulus alone was used as the control stimulus. The results of this application showed that the target source (the auditory source) activity was extracted. These results strongly suggested that the method is effective. Cognitive event-related potentials (ERPs) were recorded in 20 normal subjects aged 23-29 years. Subjects received at weekly intervals, in random order, single oral doses of placebo, 3 mg haloperidol, 20 mg citalopram, 2 mg lorazepam, and 20 mg methylphenidate. ERPs were recorded before and 3 h after drug administration from 17 EEG leads in a two-tone paradigm without motor reaction. -After the neuroleptic haloperidol, P300 latency remained unchanged, but P300 amplitude was reduced, specifically at temporal, central and parietal leads (p<0.05). The antidepressant citalopram showed a trend towards P300 latency prolongation (10.9 ms; p<0.10), P300 amplitudes remained unchanged. Increases of P300 amplitudes at O1 and T6 were neither associated with numerically relevant differences nor were they located at relevant sites. In contrast, the tranquillizer lorazepam prolonged P300 latency (19.3 ms; p<0.05), and reduced P300 amplitudes in temporal, frontal and central regions (p<0.01) as well as in the parietal region (p<0.05). Finally, the psychostimulant methylphenidate effected neither P300 latency nor amplitude. -Thus, the P300-ERP is a sensitive measure for quantifying the effects of different pharmacological substances on cognitive information processing capacity and stimulus evaluation time. We have investigated 9 drug-resistant epileptic patients with unilateral dysplastic lesions involving the frontal lobe and a Lennox-like electroclinical pattern, with the aim of identifying possible topographic relationships between onset of ictal and interictal EEG abnormalities and MRI lesions. Patients have been monitored under CCTV-EEG and seizures as well as interictal discharges have been recorded. EEG has been acquired from 32 channels and electrode positions and those of 6 reference points were measured with a Polhemus 3D Isotrak system. Sampling rate was 1024 Hz and sources of EEG activity were determined with the 3D inverse solution method LORETA that provided for each timepoint the tomographic configuration of simultaneously active electrical sources. Sources of EEG paroxysms at seizure onset and of interictal discharges were then translated on MRI examinations of each subject. Correspondence of coordinate systems was warranted by the use of MRI markers placed according to the positions of reference points measured on EEG examination. We have found a topographic concordance between frontal cortical lesions and sources of EEG paroxysms. This suggests that in some patients, also atonic or apparently generalized seizures could be partial in origin, and bifrontal discharges due to a secondary bilateral synchrony, with implications in clinical and surgical management. In these patients a multimodal investigation of brain anatomy and function should be performed prior to more invasive recording techniques. Landau-Kleffner Syndrome (LKS) is characterized by epileptiform EEG discharges localized in centre-temporal areas, severe receptive language deficit and normal speech before its onset. In this study we have investigated wether focal epileptiform discharges are the electrophysiological bases for the disruption of auditory perceptual function responsible for the language deficit. In 8 children with LKS we have recorded auditory long latency EPs in the following conditions: triggered by left-hemispere spikes (TL); triggered by right-hemispere spikes (TR); outside of paroxysmal EEG activity (NT). Signal was recorded from 32 electrodes and their position digitized with a Polhemus Fast-track device. Tone bursts of 400 msec duration and 1000 Hz frequency were delivered monoaurally contralaterally to the recorded paroxysm. Latency of N100 response and its topography were analyzed. Global Field Power (GFP) values were measured to disclose differences between LT, RT and NT conditions. Source localization was performed using LORETA in a spherical solution space computed using each individual's electrode locations. Source location was defined as the center of gravity of the computed current strengths. Results have shown significantly higher GFP, shorter latency and significantly more posterior source location for of N100 to NT responses than both RT and LT. LT spikes are associated with the lowest GFP values and higher latencies. These results support the hypothesis that the epileptiform transients per se can be responsible for the perceptual deficit reported in LKS.
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Heterogeneity of Alzheimer
Science and Technology Corporation, Tokyo 113, Japan; **Biomagnetic Imaging Laboratory, University of California, USA; ***Dept. of Linguistics, Massachusetts Institute of Technology, USA).
This paper proposes a method of localizing multiple current dipoles from spatio-temporal biomagnetic data. The method is based on the multiple signal classification (MUSIC) algorithm, and it is tolerant of the influence of background brain activity. In this method, the noise covariance matrix is estimated using a portion of the data that contains noise but does not contain any signal information. Then, modified noise subspace projector is formed using the generalized eigenvectors of the noise and measured-data covariance matrices. The MUSIC localizer is calculated using the noise covariance matrix and this noise subspace projector. The results from a computer simulation have verified the effectiveness of the method. The method was then applied to source estimation for auditory-evoked fields elicited by syllable speech sounds. In this experiment, auditory-evoked fields were measured with a button-press task and they were overlapped by the motor-cortex activation. Consequently, source localization results by using the conventional MUSIC algorithm contained a large amount of motor-activation influence. The results of applying the proposed method showed that it could eliminate this influence and extract the source at the primary auditory cortex, demonstrating the method's immunity to large external disturbances.
(6,5-12Hz dominant activity); type B (no dominant 6.5-12Hz activity, increased activity below 6.5Hz); type C spectra (low overall power); ii) Log transformed relative power (LRP) of 5 consecutive bands (1-28.5Hz) for each derivation under REC; iii) 6.5-12Hz peak frequency (PF); iv) absolute power indexes (PI) between REC and REO calculated as the mean of both all and occipital leads. Results: (i) Spectrum type: AD60: 35.4% A, 58.8% B and 5.8% C; AD70: 60% A, 32% B, 8% C; (ii) higher 6.5-12Hz LRP and lower l-6.5Hz LRP in AD70 (p<.01); (iii) higher PF values in AD70 (p>.01); (iv) trend for lower PIs values in AD60 group. Conclusions: EEG spectral analysis discriminates subgroups of AD patiens with different age at onset.
Three Dimensions, Two Eyes, One Brain. -W. Skrandies (Institute of Physiology, Justus-Liebig University, D-35392 Giessen, Germany).
Three-dimensional depth perception relies on the binocular fusion of horizontally disparate stimuli presented to the left and right eye, and the mammalian visual system offers a unique possibility to study electrophysiologically cortical neuronal mechanisms: since the input of the two eyes re-mains separated up to the level of the visual cortex, evoked potential components generated exclusively by cortical structures may be investigated when dynamic random-dot stereograms (dRDS) are presented. In a series of independent studies we investigated the scalp topography of dRDS evoked brain activity in various groups of healthy subjects as well as in patients with selective disturbances of depth perception. Major differences between stereoscopic and contrast evoked brain activity are found in the strength of the potential fields as well as in their topography. On the other hand, component latencies are not influenced suggesting that the binocular information flow to the visual cortex has a similar time course for both the processing of contrast borders and dRDS stimuli. In patients with disturbed depth perception, however, there is a high correlation between perceptual deficiency and latency increases. In addition, significant topographic differences between stereoscopic and contrast evoked brain activity were found when localized stimuli of different disparity were employed. Our data indicate that stereoscopic perception in humans relies on the activation of different cortical structures than the perception of contrast stimuli, and the results reflect different sensitivity of central and peripheral areas of the visual field to three dimensional stimuli. (Supported by Deutsche Forschungsgemeinschaft, DFG Sk 26/5-2). Thirty patients (19 women, 11 men, age range 24-78 years), all meeting DSM-III-R criteria of major depression were included into this study. For one week before the study patients did not receive any antidepressive drugs. -EEG recordings were made seven times during the study: before medication, 3 and 24 hours after the first dose and after 2, 4, 6, 8 weeks of therapy by tricyclic antidepressants (TCA). Blood levels of TCA's and theirs metabolites were measured by means of FPIA method TDx Abott. EEG was recorded using 102.4 Hz sampling frequency, with hardware signal bandpass 0.16-40 Hz, from P3-O1 and P4-O2 for about ten minutes. At least 4 min. of artifact free EEGs were used for analysis. DFT (2.5 sec. epochs) was used to calculate relative and absolute power for six frequency bands. Analysis of EEG profiles was based on t-tests for independent samples (for relative power the data was normalized with x=log(x/l-x) transformation and for absolute power with x=square root x). Differences between pre-drug EEG and post-drug EEG in each recording were expressed as T-profile for each EEG rhythm. 26 patients completed all 8 recordings. The cortical processing of visual stimuli depends on their visual field location. In the present paper we measured electrical brain activity evoked by the stimulation of many independent visual field locations. The method of quasi-simultaneous stimulation of an array of visual field elements by binary m-sequences allowed us to reconstruct the potentials elicited at each of 54 visual field locations simultaneously and independently. Twenty-two healthy volunteers participated in the experiments. For each subject we obtained 54 maps series, each elicited by a local flash subtending 1.5° x 1.5° arranged within a 13.2° x 8.4° retinal stimulation field. Since very small amplitudes are obtained with such stimuli, an important first step is the identification of stimulus related signals. Analyzing the significance of evoked field strength (global field power) by comparing averaged activity with that obtained by computing +/-reference on the data allowed us to statistically determine the occurrence of stimulus locked activity. We will show how brain activity is affected by stimulus location where field strength is significantly affected by retinal eccentricity: there is a steep decrease from the central 3° degrees in the fovea to more eccentric locations. In addition, each of the 54 retinal elements yields a characteristic scalp topography of brain activity related to its location on the retina. We report changes in the topography of the steady state visually evoked potential (SSVEP) while normal children and those diagnosed with ADHD perform the AX variant of the continuous performance task (CPT). In the AX CPT, subjects must respond to the appearance of the letter "X" only if it had been preceded by an "A". Seventeen control and 17 children meeting DSM-III-R criteria for ADHD performed a low demand vigilance task and the AX CPT. The SSVEP was recorded from 64 scalp sites and elicited by a 13Hz visual flicker superimposed over the visual field. Controls demonstrated transient bilateral prefrontal reductions in SSVEP amplitude on the appearance of the "A", the disappearance of the "A" and the appearance of the subsequent "X". At the same times, a transient reduction of SSVEP latency was observed at prefrontal sites which was most prominent on the right side. By contrast, children with ADHD failed to show transient prefrontal SSVEP amplitude or latency reductions at these points in time. We suggest that the SSVEP latency topography may yield information on the coupling between neural systems and that these findings point to deficits in the coupling of prefrontal neural systems in ADHD.
Pharmaco-EEG in
nificantly increased beta2 and decreased alpha relative and absolute power during therapy; scores in clinical scales correlated significantly with T-profile of beta2 and T-profile of alpha; TCA's blood level significantly correlated with T-profile of beta2. Previous observations from our laboratory as well as observations from other groups have suggested that under certain experimental conditions a saccadic suppression is not seen. We tested the discrimination ability of 20 healthy adult subjects during horizontal saccades while the evoked brain activity was recorded in 30 channels over occipital, parietal and temporal areas. In addition, the horizontal and vertical EOG was obtained. During the execution of saccadic eye movements visual stimuli were presented for 30 ms. In order to minimize metacontrast effects and retinal afterimages, stimuli were followed by a masking stimulus. In a control condition identical stimuli were presented with stationary eyes, EOG and EEG signals were written continuously to disk along with information about the stimuli and the subjects' responses. Evoked potentials were computed off-line, and component latency, field strength (Global Field Power), and topography were compared between conditions. Discrimination performance of all subjects was high above chance. Evoked brain activity showed three components occurring between 90 to 450 ms that yielded significant differences in component latency, GFP, and topographical characteristics when brain activity evoked during saccades or with stationary eyes was compared. Our findings suggest that during saccades stimuli are processed at least in part by different cell populations. These neuronal differences, however, do not influence discrimination ability. There is ongoing discussion about linear inverse solutions applied to the bioelectromagnetic measurements. Thereby, at least concerning dipole models, the importance of a good electrode/sensor configuration has been shown repeatedly. The behaviour of distributed source models with respect to spatial sampling of the field is shown here. Using the usual notation, for the forward V=KJ and for the inverse J=TV we have computed the eigenvalues of the matrix (KKt), where K is the lead field. This matrix reflects the geometry and the physics of the 3-shell model we used. It is shown that there is a limit to the amount of information that can be obtained from scalp measurements. In particular, we illustrate this results in term of the resolution matrix R=TK. The localization precision of inverse solutions does not improve over a certain amount of electrodes (around 100). More practically we also investigate the effect of missing data (i.e., a non-uniform coverage of the whole scalp) on the calculation of distributed source localizations with different algorithms. It is shown that an inappropriate electrode distribution can corrupt the source localisation.
Topography of Visual Evoked
Weber (Institute of Physiology, Justus-Liebig University, D-35392 Giessen, Germany).
In this study we analyzed electric brain activity evoked by the presentation of individual words. Affective meaning of every word was quantified by the semantic differential technique where each stimulus is uniquely located on the dimensions "good -bad" (evaluation), "weak -strong" (potency), and "active -passive" (activity). 162 nouns were rated in questionnaires by 30 adults, and following a factor analysis for each dimension only words were selected which scored highly positive or negative on one dimension, and had small scores on the others. These stimuli were then used in electrophysiological experiments. We also controlled for the factors word length and frequency of occurrence in the German language. Stimuli were presented on a monitor in a randomized order while the EEG was recorded from 22 sub-jects in 30 channels simultaneously. After screening for artifacts evoked potentials were computed off-line for each semantic class. Analysis of the potential fields showed significant differences between semantic classes in terms of latency, field strength, and topography. In contrast to findings of typical N400 experiments, it turned out that there occurred significantly more effects between 80 and 265 ms than with latencies between 270 and 975 ms (p<0.05). Our data illustrate that semantic meaning affects evoked potential fields at very early processing stages, and processing of single words is different from processing of sentences. (Supported by Deutsche Forschungsgemeinschaft, DFG Sk 26/5-2).
(MAGNESII). Data: Spontaneous measurements in 14 patients (9 male, 5 female) with paranoid hallucinatory schizophrenia and 10 healthy probands (7 male, 3 female). Data evaluation: After digitally filtering the whole data set from 2-6 Hz and 14-30 Hz the multisource problem of localizing spontaneous activity was handled by the Dipole Density Plot (DDP), a temporal integration of results showing concentrations of dipoles in a standardized form. The DDP results were inserted in form of isocontour lines of the activity's distribution into MRI slices using a transformation obtained by a contour fit algorithm. -Results: In male patients with early onset of illness the center of the slow and the fast wave activity was in close topographical relation to the temporoparietal region of the left and the right hemisphere. The localization of slow and fast wave activity was widely distributed over both hemispheres in male and female patients with late onset and long duration of illness and also in healthy probands. -Conclusion: The onset and duration of illness could be important variables for structural abnormalities in schizophrenia. Scalp surface EEG is spatially low-pass filtered by the poorly conducting skull. As a consequence, scalp potentials are preferentially sensitive to broad correlated dipole layers mediated by long range corticocortical connections. The spontaneous EEG from ages 5 to adult shows a progressive increase in peak frequency from 8 to 10 Hz associated with the development of frontal power and anterior-posterior spatial structure in each hemisphere. These spatial waves produces high coherences between parietal and frontal electrodes, but low coherences with respect to central electrodes. As temporal frequency increases to Motor acts often involve simultaneously activation of homologous extremities. Such simultaneous bilateral activation is typically slower or less forceful than unilateral activation. These bilateral interactions apparently result from neuronal inhibition, but their mechanism is not fully understood. It has been hypothesized that inhibitory processes are reduced in children with ADHD (attention deficits hyperactivity disorder). We studied such bilateral interactions in a reaction time task with unilateral and bilateral GO and NO-GO trials using combined brain mapping of event-related potentials (32 channel ERPs) and continuous force measurements. Bilateral interactions were assessed as deviations from additivity; i.e., by comparing ERP maps and force curves in the bilateral condition to the sum of those from the unilateral conditions. ADHD (N=15, mean age=10.7 years) and control children (N=ll, mean age=ll.l years) were tested. As hypothesized, the control group had later force onsets in the bilateral than in the unilateral condition (dominant hand p<.05), while the ADHD children showed no such delay. Stimulus-related ERPs showed lateralized visuo-perceptual processing microstates with significant bilateral interactions. Response-related ERPs showed microstates with a different topography and with significant bilateral interactions before and after response onset. Topograpy and source estimates for these bilateral ERP interactions in the two groups will be compared and discussed. -Supported by the Swiss Nat. Sci. Found. (3100-043790.95).
Maturation of Cortico-cortical
was instructed to judge the object or the affect, respectively. -In all of the subjects, only facial-affect recognition but not face recognition evoked an activity in posterior parts of the left inferior frontal cortex in both runs 2 and 3 within a latency window of 200-270 ms. Additionally a sustained activity between 250 and 800 ms was observed in the right inferior frontal cortex. Spectral power and intracortical connections of different EEG rhythms in four main cortical quadrants were studied in schizophrenic patients. The patients were divided into two groups, those with "positive" and with "negative" symptoms. The first group revealed a decrease of spectral power of the rhythms only in parietal areas, the second one in all cortical areas. There was also a significant asymmetry of alpha rhythm spectral power, different in the two groups of schizophrenic patients. In "positive" schizophrenics, a decrease of alpha rhythm spectral power in the parietal and occipital areas of the right hemisphere pointed to the relatively higher activation of the right posterior cortical quadrant, in "negative" ones, a decrease of alpha rhythm spectral power pointed to the relatively higher activation in the left posterior cortical quadrant. These findings correlated with some clinical symptoms of each type of schizophrenia. The intracortical connections, however, showed a greater activation of the left anterior quadrant in positive schizophrenics, and of the right anterior quadrant in negative schizophrenics. Thus, at the same time and in one and the same area, some of the measures point to higher activation while the other point to inhibition of the cortical areas that are considered most involved in the schizophrenic process. These regions of interest (ROIs) appeared to be predominantly frontal, temporal and parietal cortical areas. Such mixture of the measures typical of both processes (simultaneous activation and inhibition) is found in alpha, betal and beta2 rhythms indicating that these rhythms are "rhythms of interest" (ROIs-2) in schizophrenia. The results suggest the conclusion that there are disturbances of dimensional complexity and cortical organization in schizophrenia. The comparison with other authors data obtained in schizophrenic patients by different methods is done as we share D.Lehmann's opinion that in contemporary human physiological studies, especially in psychiatric patients, the more data by different methods are available the greater is the validity of the results and conclusions.
Regions and Rhythms of
-30 Hz, the spectrum of the EEG shifts to higher spatial frequencies; above this frequency the spatial spectrum is roughly constant, and most coherences depend only on the separation distance between electrodes. These coherences are mostly due to volume conduction. This constant spatial spectrum at high frequencies is more low-pass filtered with increasing age till age 9 years, suggesting that changes in volume conduction are influencing the apparent spatial statistics. After accounting for these differences, it was apparent that only some of the differences in alpha band coherence between ages 5 and 9 are related to white matter development, and that changes continue to take place in late childhood. Investigation of the brain electrical field configurations is meaningful for studying high level brain functions since spatially distributed neural activation patterns are assumed to be the basis of mental imagery. In support of Paivio's distinction, Lehmann et al (Brain Topography 6:251,1994) showed that spontaneous abstract thought and visual imagery were associated with different brain electrical microstate topographies. In extension to Paivio's dichotomy it has been hypothesized that mental imagery is conjoined with the activity of primary cortical areas and, therefore, follows the sensory modalities (Fallgatter and Strik, Int. J. Psychophysiol., in press). Abstract thought is, then, considered as language related imagery. To investigate imagery in the visual, acustical and tactile modality, nouns with high power to stimulate images in the respective modality were presented on a computer screen. In this no decision demanding paradigm, significant topographical Decoding of facial affect is one of the most relevant skills in human communication. It is part of the large-scale system of face processing that contains partially separate neural networks for affect recognition, face recognition, and identity recognition. -Recognition of facial affect and recognition of complex biological and non-biological objects was studied in 4 right-handed males. Black-and-white photographs were used as stimuli and grouped into two sets. Set 1 contained front views of chairs, lorries, heads of horses and faces, together with photographs of flowers and birds. The faces displayed the basic emotions of happiness, surprise, sadness, anger, disgust and fear. Set 2 was constructed from the 30 face photographs of set 1, with each emotion repeated five times. The magnetic field was recorded using the 2x37 channel BTi system, in three separate runs (run 1: object recognition including faces, run 2 and, as a repetition, run 3: facial affect recognition). The subject The aim of the study was to find out psychological correlates for global EEG descriptors. Twenty male volunteers aged 21-53 participated in the study. The participants filled in MMPI. Manifest Anxiety Scale (MAS) and Anxiety Trait Scale (A) were calculated. All subjects performed four sessions of MSLT. EEG was recorded for 20 min from 21 derivations referred to the average reference. Artifacts were marked in 2.5 s chunks (256 data points). Global descriptors (Wackermann 1996) of complexity (Q), global power (E) and generalized frequency (O) were computed in 2.5 s intervals. S and O were combined to a new variable, LogE = Log(E) + Log(O), which is assumed to represent a continuum of vigilance. All descriptors were computed for the whole field and for each hemisphere, and anterior and posterior derivations. Spearman coefficients were computed for MMPI scores and EEG descriptors for waking and sleeping separately. The 1% error level was assumed. Correlation of MAS with LogE was found at posterior and right side derivations (r=0.38 and 0.43, respectively). Correlation of A with LogE was also found at the right side (r=0.37). No significant correlations were found between anxiety scores and EEG desriptors computed after sleep onset. Some significant correlations between Q and MMPI clinical scales were observed, which is difficult for interpretation at present. MEG-based source localization of auditory evoked fields components has demonstrated good spatial resolution, but requires relatively expensive magnetic recording technology. EEG-based source localizations can be substantially less expensive, but their comparable accuracy remains to be determined. We compared localization coordinates of the 100 msec latency auditory component over both hemispheres using both MEG and EEG methods in 3 normal male subjects. Stimuli were 1kHz 25 msec 85 dB SPL tone pips delivered to the opposite ear. Magnetic recordings were obtained with a BTI Model 607 7 channel gradiometer sampling the area encompassing both extrema. EEG recordings used a 16 electrode "Star of David" array with 2 cm interelectrode spacing, centered over the MEG-determined source. Neuroscan SCAN® software was used for MEG and EEG data collection and processing. EEG sources were estimated using BESA® constrained to fit a bilateral pair of regional sources. MEG sources were estimated with MEG/EEG, a custom program using a single dipole in a spherical volume. Mean MEG/EEG source location differences in the lateral (X), vertical (Z) and antero-posterior (Y) directions were 0.78cm, 0.48cm, and 0.97cm respectively. EEG confidence intervals overlapped MEG confidence intervals, and EEG-based locations demonstrated a similar left-right asymmetry with sources tending to be more anterior in the right hemisphere. (Supported by USPHS MH47476). differences were found in the evoked potentials from 242-414 ms poststimulus, indicating macroscopically different neural assemblies to be active for each of the three modalities. In a further decision demanding, memory associated imagery task, the brain electrical fields differed significantly between the acustical and the visual modality at a latency of 117 ms and returned to undistinguishable topographies at 246 ms. This indicates that the evocation and exploration of mental images for their implicit content can be performed and concluded in unexpectedly short time spans.
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which are involved in cognitive activity. -The spatial organization of cortical electric processes to some degree depends on the character of the current cognitive set of the subject. The verbal psychological set was formed in 30 healthy adult subjects by means of successive exposition (on a screen) of 30 single pseudo-words written in Latin letters. The series of stimuli was immediately followed by a similar presentation of 36 single Russian words which consisted of the letters written in the same way as some characters of the Latin alphabet. At the beginning of the second train of stimuli all subjects began to read the well-known Russian words as senseless. In 19 subjects this effect disappeared after 1-2 Russian word presentations (non-stable set) and in 19 subjects only after 6-36 presentations (stable set). 24-channel EEG recorded before presentations was analyzed. It was used to build maps of the so-called "community coefficient" which describes each bioelectrical process at its recording point through its correlations with the other processes. Map patterns of non-stable and stable subjects groups were studied. It was found that the bioelectrical processes of correlativity were larger in the stable group at the different set stages, particularly clear in frontal areas. This brain area is very important during human purposeful behavior (A.R. Luria 1963) . This predominance points to more integration in brain structures Brain responses to posterior tibial nerve stimulation were examined in patients who suffered from a proven neuropathic (traumatic) pain. The aim of this study was to learn if these responses could be used for the assessment of persistent pain and its relief in chronic pain patients. Experiments were carried out in five patients, where usual strategies had failed and spinal cord stimulation was applied. It was found that the measured evoked responses, when these patients were in pain, showed additional waves at latencies at around 110 ms and 150 ms after stimulation of the posterior tibial nerve. The magnetic field and electrical potential distributions at these latencies were dipolar and the responses at 110 ms and 150 ms could be ascribed to two equivalent current dipoles situated in two distinct areas in the brain. In patients, who underwent spinal cord stimulation, the additional wave disappeared once the patient was in a pain free condition. For this group of patients the additional waves appear to be related to the perception of pain and this may offer an objective method to assess this kind of pain and study the effects of spinal cord stimulation. Although not mentioned here, similar results were found for median nerve stimulation. EEG and P300 abnormalities have already been reported in several psychiatric disorders such as depression. This study evaluated the predictive value of EEG and P300 data during the washout period before treatment. Spontaneous EEG and P300 were recorded in 25 major depressed inpatients (mean age 47±12 years) using 28 leads. For the analysis subjects were divided into two groups according to an improvement of 50% on the Hamilton rating scale for depression. Findings demonstrated specific features of the responders (n=11) as compared to the non-responders (n=14). Absolute and relative power in Alpha 1 (8-9.5Hz) frequency band was increased (p<0.05) in the responders in the occipital area. Concomitantly, a significant increase (p<0.01) in the Beta band was observed in the non-responders in the central area. No changes were observed in either P300 amplitude or latency (Fz, Cz, Pz) between the two groups. However, after applying spatio-temporal source localisation technique on multichannel data we found a significant (p<0.03) modification in the position of the estimated dipole (deeper source for the non-responders). Thus, these results demonstrate the usefulness of multichannel neurophysiological data as baseline markers of the functional differences between treatment responders and non-responders. It is suggested that such data may have an important predictive value for therapeutic strategies and clinical outcome. We investigated the change of the model source locations of the EEG frequency bands during the hypnagogic state inhealthy adults and elderly. Spontaneous EEG was recorded (using the International 10-20 System) from full alertness to drowsiness/sleep onset. The EEGs were divided into 20 second periods. All periods without artifacts were subjected to the FFT Dipole Approximation (Lehmann and Michel 1989, 1990 ). The approach is based on a single-phase generator model for multi-channel EEG data for each frequency band, and produces a potential distribution map from the complex FFT values. Each map was subjected to a 3-dimensional equivalent single-dipole-source estimation using a 3-shell model. The location of the equivalent dipole source was obtained as the values on the 3 dimensions. Conventional EEG power values were also computed as they are used for the evaluation of alertness. When the frequency of rapid eye movements decreases, alpha band power decreases and theta power increases, the subject is regarded to be in a drowsiness/sleep onset state. In this condition, the alpha model source location shifted anterior and the theta location posterior. Our goal is to apply the segmentation on psychological contents and to show that except a primary distinguishability an analysis of the process is also possible. Our hypothesis is that only short sections of the informational processing occupy a different topological and temporal configuration. The concept activation (Posner) and the comparison of pattern (Garner) served as datamaterial. The files were segmented and the single microstates were compared with each other. -The hypothesis could be verified. Only at the first seven or eight micro-states the duration is constant with 72 msec. The posterior centroid moves at the pattern comparison at the third microstate to the right and for the concept activation at the fourth microstate to the left. Only the differences at those microstates are significant. A histographic description of all microstate durations shows that peaks are established with higher probability at definite times. The compared microstates at the selected peaks get a stronger discrimination of the terms. two different luminance levels of "Mondrian" stimuli, both coloured and black and white, adjusted to the same brightness. Finally we studied the effect of check size on brain magnetic fields and the stimulation of different visual field areas. -The stimuli were presented on a television and the brain magnetic responses were measured with a 7 channel SQUID magnetometer at 35-49 positions over the head. -We studied the two main components of the magnetic response with latencies of about 120 and 160 ms. The data was processed using a current dipole and a realistic head model. We studied the dependence of the amplitude, latency and localization of the dipoles responsible for the evoked cerebral activity on the form, colour and luminance of the stimuli. The results are discussed on the basis of the physiological information available concerning information processing by the visual cortex. When subjects make an error in a speeded response task, an electrical negativity develops over mid-frontal areas coincident with the response. This "error-related negativity" or ERN appears to reflect executive monitoring of the decision and response process. Mapping the ERN with a dense (64-channel) sensor EEG suggests a source in medial frontal areas, possibly including the anterior cingulate. In a recent 128-channel study, the midfrontal topography of the ERN was replicated and clarified, and it was found that subjects high in negative affectivity showed a smal ERN. These data suggest that motivational factors may be important to frontal lobe monitoring of the response process. In this communication we present data on the visual evoked fields (VEF) of stimuli that differ in form, colour and luminance. -The VEF were induced by three different checkerboard patterns, composed of black and white, black and red and black and green fields, respectively, adjusted to the same brightness. Five different luminance levels were studied for each case. We also measured the brain responses evoked by In the present study we investigated short-latency responses of human cerebral cortex to right median nerve stimulation at wrist. To this aim somatosensory evoked potentials (SEPs) were spatially-enhanced with a novel high resolution EEG technology including high spatial sampling (128 channels) and surface Laplacian estimate of the potential over a realistic magnetic resonance-constructed subject's scalp surface model. Spatially-enhanced SEP components were estimated over contralateral and mesial scalp regions about 20,22,30,32, and 45 msec following the stimulation. Frontal-lateral P20, N30 (NSOfl) and P45 (P45fl), and frontal-mesial N30 (NSOfm) and P45 (P45fm) culminated simultaneously with parietal N20, P30 and N45, and central P45 (P45c). With respect to the frontal-lateral components, the central P22 and N32 peaked later. These findings may indicate that the P20-N20, N30fl-P30 and P45fl-N45 originated in the cortex buried into the central sulcus, whilst the NSOfm and P45fm were generated from the frontal-mesial cortex (including supplementary motor area), and the P22, N32, and P45c from the crown of the pre-and post-central gyri. Hence, the responses of the central sulcus cortex would anticipate those of the central-crown and frontal-mesial cortices. Event-related desynchronization (ERS) describes a short-lasting and localized amplitude enhancement of specific frequency components. The spatial distribution of a post-movement beta ERS can be visualized by computing the local average reference (LAR). The Linear estimation (LE) method can also be applied to study the spatiotemporal ERS patterns. As source space an hemisphere was used with equally distributed radially oriented current dipoles. The lead field matrix is normalized to make sure that all dipoles have the same average impact on the sensors. A distributed source solution is found for each timestep and for each trial. Event-related Desynchronization calculations are carried out for every dipole (squaring of amplitude, averaging over all trials and time averaging over 16 time points). Both methods were conducted for the study of voluntary hand movement. The results are similar but in contrast to the LAR maps, the LE maps show a better spatial resolution. This is not surprising since the LAR method is limited to the electrode sites whereas with LE the EEG activity is projected onto the source space. Furthermore, the LE method counteracts the deblurring caused by the poorly conducting skull. Linear Estimation depends on several assumptions about the source space, volume conductor and the regularization parameter. Further investigation is needed to evaluate the application of LE for the study of Event-Related EEG phenom- Transcranial magnetic stimulation and neuromagnetic measurements using superconducting quantum interference devices (SQUID) and advanced MRI systems have become important tools in functional brain research and clinical diagnosis. The present study is focused on source estimation of neuronal electrical activity associated with motor evoked potentials and higher brain function, where the importance of the inhomogeneities in the head is emphasized. The limitation of source estimation based on dipole models is also discussed. In order to produce images of electrical properties of the body, a new method of impedance MRI is proposed. Also, distributed source models are introduced in connection with a new technique of electric tomographic imaging which is being developed in our laboratory. The inward continuation problem in EEG consists in the computation of the cortical potential distribution from the measured potential distribution on the scalp. Although unique this inverse problem is ill-posed. That is, low-level noise in the scalp potential data or a small error in the geometrical data can lead to unbounded errors in the solution. Regularization techniques have to be used to minimize these effects. The inverse problem is solved in two steps. First Tikhonov regularization is applied yielding a solution of the potential on the inside of the skull surface for every timestep. Than the solution of the first step is used for Twomey regularization. At each moment in time a new solution is found by using as a priori estimate the average of the first solution one timestep prior and one timestep after. This combination of spatial (Tikhonov) and temporal (Twomey) regularization improves the solution and smoothes the solution in space and time. Both simulations and the application to EEG data of a Median Nerve stimulation experiment yield encouraging results. Further comparative studies have to be carried out to evaluate the application of time/space regularization of the inward continuation problem in EEG.
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The Statistical Analysis of Distributed Inverse Solutions. -P. Valdes*, K. Worsley**, J. Riera*, J. Bosch* and R. Casanova* (*Cuban Neuroscience Center, Habana, Cuba; **Dept. of Statistics, McGill University, Montreal, Canada).
Distributed Inverse Solutions (DIS) such as LORETA (PascualMarqui et al. 1991) and VARETA (Valdes et al. 1995) have become increasingly popular since they are true tomographic methods. However, like other tomographic techniques, they comprise a very large number of highly correlated variables, originating difficult statistical problems. Worsley (1994 Worsley ( , 1996 has recently developed a unified approach for determining significant signals in images of cerebral activation. Based upon the theory of random fields the method has been applied to PET and fMRI images. This contribution extends the field of application to 4 dimensional spatio temporal DIS. The problem of calculating Resel counts for DIS is discussed. The methods developed are applied to a) Testing for significant deviations in tomographic qEEG images and b) Testing for the significance of generators of difference ERP waves such as the N400 and P300.
Time/Space Regularization of the Inward Continuation
known. A realistically shaped three-compartment model is used, describing the scalp, skull and brain, which includes the realistically shaped ventricles or a spherical lesion. The potential is computed by means of the finite-element method, and the magnetic field by applying the law of Biot-Savart (Broek, S.P.v.d., Zhou, H. and Peters, M.J. 1996, Computation of neuromagnetic fields using finite-element method and Biot-Savart law, Med. Biol. Eng. Comput., 34, [21] [22] [23] [24] [25] [26] ). An influence of the ventricles on the potential is only noticeable for dipoles that are within a few centimetres of a ventricle and on the relatively weak potentials on the opposite side of the head. The 'radial' component of the magnetic field generated by superficial dipoles is not influenced by the ventricles in a healthy subject. The influence on the other components, and on the field generated by dipoles near the ventricles can be large. A lesion has a large effect on the potential for sources near the lesion. The effects on the MEG are smaller, but noticeable. Care should be taken in explaining abnormalities in EEGs and MEGs, as it is possible that they are caused by the presence of an inhomogeneity. minor, skilled piano players had to repeatedly execute this sequence paced by a metronome. Event-related DC potential changes were collected via a matrix montage of 22 Ag/AgCl-electrodes. -Resultant DC potential topographies proved to be a valuable means for real-time cognition monitoring. Evolving topographical patterns can be displayed synchronized with the musical signal. While activity maxima in central and temporal sites during the "real playing" condition corresponded nicely with recent PET findings (Fox et al. 1995) , even the separate entry of the left hand at the third bar became clearly visible in experimental conditions involving motor system activation. Piano playing is a highly complex task including components like anticipative melodic and harmonic imagery, selective attention, skilled motor behavior, and temporal coordination. From an information processing perspective, it should be helpful to have a tool for identifying such subcomponents and their cortical substrates. -For such a study, we designed a hierarchical sequence of experimental conditions, ranging from simple naming of the notes of a given piece over melodic imagination (with/without visual presentation of the notes) to inten- When linear estimation theory is applied to the inverse problem of current density reconstruction from EEG or MEG data, the analytical solution can be computed efficiently (Minimum Norm Least Squares). Due to underdetermination and noise, regularization techniques have to be applied. Unfortunately, this leads to an artificial smearing of the solution, which makes it impossible to estimate the true source extent. In addition, as Gaussian noise is implicitly assumed, the method is sensitive to outliers in the data. Systematic errors, which are not captured by a spatiotemporal covariance estimation, like sensor misplacements or oversimplified forward models, may be seen as such outliers. Some important apriori information about the expected source distribution cannot be modeled in such a framework, e.g., the physiological limit for source current density. -We present a new method that overcomes these problems, while still retaining computational efficiency. The robust L1 norm is imposed on the deviation between measured and forward calculated data, after a covariance diaeonaliza- Brain microstates are defined by short periods of relatively stable spatial field configurations and assumed to represent elements of brain's activity (Lehmann 1987 (Lehmann ,1990 ). Brain macrostates can be defined by different levels of functional organization of the brain on a larger time scale. To bridge over the gap between microstates and macrostates, traditional time/frequency descriptors need to be complemented by a space domain based descriptor of complexity of brain's electrical activity. -A system of three global descriptors has been proposed (Wackermann 1996) : Q (spatial complexity), £ (integral global power) and P (generalized frequency). These variables define a 'macrostate space' in which changes of brain's functional states can be visualized, as illustrated by two particular areas of interest. -Vigilance and sleep dynamics: Significant differences in Ji-complexity between sleep stages were found, with lowest complexity during slow-wave sleep (Szelenberger et al. 1996) . Macrostate portraits of sleep EEG reveal consistent structure ('sleep shell'); a suitable transformation of macrostate space coordinates allows to isolate two dimensions of sleep processes (Wackermann and Szelenberger 1996). -Brain maturation: S and O are decreasing and increasing functions of age, respectively. Q-complexity shows a rapid initial increase, reaching a maximum at about 5-6 years, then decreases again. The relationship between the age of maximum complexity and developmental time constants of £ and O suggests a hypothesis: complexity is proportional to achieved level of maturation x speed of maturation. Positive Rolandic Sharp Waves (PRSW) are surface positive transients found in premature babies, first described by Cukier et al. (1972) and associated with peri/intraventricular haemorrage or with periventricular leukomalacia (Marret et al. 1986 ). The present study analyses the PRSWs' topography. We will try to 1) verify if they differ in Quiet Sleep (QS) and Active Sleep (AS); 2) localize their sources using surface EEG data. Special concern was given to fontanella diameter, since currents from various generators have a tendency to flow through skull openings, distorting the potential patterns (Katznelson 1981) . Fourteen EEGs were recorded in six infants from 30.5 to 36 weeks of conceptional age. Polygraphy was performed with 11 or 14 EEG electrodes. Data were analysed with common and average references for potential, and source derivation for current density mapping. Inter-electrodes distance was about 2.5 cm. The minimal number of PRSWs averaged in each sleep stage must be determined because of EEG background amplitude variation. In each infant recording, averages were done with 5,10,15 and 20 PRSWs. -Preliminary results were: 1) in these premature babies, the signal / noise ratio was better in inter-burst condition of QS than in burst condition and AS; 2) sleep stages seem not to influence PRSWs' localization. In spite of a fontanella hole, it seems that PRSWs are coming from radial dipoles, deep negative and surface positive. One of the most important issues in the diagnosis of epileptic patients is the correct localization of epileptic foci. In the case of temporal epilepsy it is sometimes very difficult to correctly define the localization. It is especially complex when mirror foci exist. In that case it is very important to diagnose if the foci are independent or if they depend on each other and which one of them acts as a trigger. -This paper describes series of simulations of epileptic foci localized in temporal lobes. The simulation procedures applied a 3-shell head model. There were 3 simulated cases: a) a single focus localized in temporal lobe, b) two independent foci localized bilaterally in the temporal lobes, and c) two dependent mirror foci localized bilaterally in the temporal lobes. The simulations were performed with two time resolutions, 1 ms and 8 ms. The resulting data were mapped using the PkNeuroTrack software. The results show that in case a) and b) the localization possibilities are independent on the time resolution applied. However, in case c) applying higher time resolution gives the possibility to differentiate between mirror foci. In order to model the generators of P300 as multiple spatio-temporal dipoles, maximal 32-channel ERPs for 5 subjects were recorded during a visual oddball paradigm. The P3a component was emphasized by averaging each sweep on the basis of the psychological conditions which were estimated by the simultaneously measured finger plethysmogram. The number of unconstrained dipoles and the instant to estimate them was determined by the SVD profile for the ERP data matrix. The forward and the inverse problems were solved with a concentric three-sphere model and by Powell's hybrid method, respectively. -The topographical maps showed that the positive ERP peaks shift from the occipital to the frontal and the parietal cites in order. From the SVD profiles, it was suggested that more than three dipoles account for the ERPs at 200-400 msec. In case of four dipoles, the locations for the ERP data at about 270-300 msec were spread over the thalamus and the basal ganglia, the hippocampus and the parahippocampal gyrus, the parietal association cortices, the medial and lateral frontal cortices and the extrastriate cortex and its surrounding. These results supported Halgren's cortico-limbic circuit for the orienting complex, and included Mesulam's network for directed attention. disappeared depending on severity of dementia. There was no significant difference of ERR in the presence of target and novelty P3 in controls, but dementia patients generated distinct topographical patterns and change in ERR for target and novelty P3. In dementia patients who generated novelty P3 without target P3, the ERR change disappeared. We conclude: ERR was affected by target P3, more than novelty P3. Thus, the autonomic response occurring with the appearance of ERP is affected by not only orienting response but also cognitive functions.
Slow Potential Topography and Musical
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Electroencephalographic Correlates of Blood Flow and
Metabolism in Vascular Dementia and Multiple Infarction without Dementia. -H. Yuya*, K. Nagata**, K. Nakajima*** and M. Nakamura* (*Shakaihoken Kobe Central Hospital, Kobe, Japan; **Research Institute for Brain and Blood Vessels, Akita, Japan; ***Kyoto Pref ectural University of Medicine, Kyoto, Japan).
Power ratio was calculated by dividing alpha band (8.0 -12.8 Hz) power by slow wave band (2.0-7.8 Hz) power. Power ratio correlated inversely with dementia scores in subjects with vascular dementia (VD) in our previous studies, while the recent studies with positron emission tomography (PET) disclosed a close relationship between the reduction of cerebral blood flow (CBF) and degree of dementia in VD. To compare the quantitative EEG parameters with CBF and energy metabolism provided by PET, combined EEG and PET studies were carried out in 10 patients who were diagnosed as having a vascular dementia according to the criteria of ICD-10 (VD group) and 8 right-handed patients with multiple infarction who were not demented (MI group). Monopolar 16-channel EEG was recorded during resting state. Although no significant correlation was seen between the power ratio and CBF in the MI group, the power ratio correlated positively with CBF when the mean CBF was smaller than 30 ml/l00ml/min whereas there was a weak negative correlation when CBF was greater than 30 ml/l00ml/min. two types we used maps of correlation of deviation of values of topogram and mean level of topogram. We found that the correlation of these two types was changed: group 1 had 8% of time of dominating of mean level during rest and 13% during the set; group 2 had no significant differences. More detailed analysis showed an increase of mean level in parietal regions of both hemispheres during the set in group 1, and an insignificant decrease of mean level in the same regions in group 2.
ERP Evidence of Attentional Selection in the Occipital
Primary Visual Areas. -A. Zani* and A. Mado Proverbio** (*Istituto di PsIcologia, Consiglio Nazionale delle Ricerche, Rome, Italy; **Dept. of Psychology, University of Trieste, Italy).
In the present study, event-related potentials (ERPs) of the brain have been recorded from occipital locations to investigate the time course of early visual processing, and determine the stage at which attention modifies the processing activity of the visual cortex. Twenty subjects participated in this study. The task consisted in paying selective attention to a conjunction of spatial frequency and location, and to respond to target stimuli by pressing a button while ignoring other combinations of features. Sensory components were analyzed by measuring mean area amplitude of occipital responses across time within four latency ranges: 60-80, 80-100, 100-120, and 120-140 msec poststimulus. In line with previous ERP studies, ERPs showed that location relevance produced an increase in sensory-evoked P1 response (i.e., 100-140 msec) within an early latency range of 100-140 msec post stimulus, a range that is acknowledged to correspond to sensory processing activity in the extrastriate cortex. Most importantly, they showed that attention also affected the so-called C1 evoked potential within an earlier latency range of 60-100 msec, a range reported to correspond to sensory processing activity in the primary striate visual cortex. Altogether, these findings suggest that attention modifies the activity of the visual cortex, already starting at a very early stage within the striate cortex. We reported that CNV and P3 correlates with autonomic nervous functions such as heart rate (HR), blood pressure (BP) and electrodermal activity (EDA) during ERP paradigms -so-called event-related responses (ERR). We concluded that these autonomic responses were affected by higher brain functions. Heart-brain interactions were studied considering fronto-cortical control over cardiovascular functioning. However, some investigators reported that novelty P3 reflects the orienting response and was connected with frontocortical function. Relations between ERP topography and autonomic functions were assessed measuring two P3 components and autonomic responses evoked with ERP appearance in 15 normal controls and 15 dementia patients. Auditory oddball stimulati were presented at 1.5 sec intervals. 20% of the tones had a pitch of l,000Hz (target), 70% a pitch of 2,000Hz (frequent stimuli), and 10% a pitch of 125Hz and 500Hz as novel (deviant) tones. 18-channel ERPs (10/20 system) were recorded, averaged and topographically mapped (Bio-Logic Brain Atlas). Autonomic responses were measured simultaneously as HR, BP, skin blood flow and EDA. HR, BP and EDA tended to increase with P3 appearance in controls. P3 latency was prolonged in dementia patients, and change of ERR decreased or Our previous researches in patients with extensive surgical ablations of prefrontal cortex contradict the hypothesis of some authors that the generators of several auditory late EPs (N100; P200; N200; P300; SW), recordable in humans with depth/scalp electrodes and MEG over the prefrontal dorsolateral cortical areas, are located in medial prefrontal and anterior cingulate cortices. Using a standard CNV paradigm and topographic mapping analysis, the post-warning auditory N100 a-b-c, P200, P300 (binaural clicks) and CNV activity were recorded in 3 patients after extensive medial and/or dorsolateral prefrontal cortex ablations, identified through CT/MRI examinations. In one patient (male, aged 53), after bilateral excision of most of Brodmann's medial prefrontal 8, 9, 10 and cingular 24, 32 areas (huge frontal falx meningioma), almost normal auditory post-Si and CNV complex components were recordable over the spared dorsolateral prefrontal areas. In a second patient (male, aged 24; diffuse astrocytoma), after complete left premotor/prefrontal, superior/middle lobectomy (anterior limbic cortex included), no true post-Sl/CNV components were recordable over the ablated frontal areas, only occasional volume-conducted ERPs probably generated in the temporo-parietal lobes or posterior cingulate gyrus. For the third patient (female, aged 35), after excision of a vast right frontal epileptogenic cortical area (including dorsolateral areas 4, 6, 8, 9, 10, 44, 45, 46 , but sparing the fronto-medial cortex and anterior/middle cingulate gyrus) no post-Si ERPs and CNV components were recordable over the ablated regions. These latest observations again indicate that diffuse neuronal generators of several post-warning auditory and CNV components are located in the supramodal, dorsolateral, promotor/prefrontal cortical areas which are directly, ipsilaterally connected to the uni/multimodal temporo-parieto-occipital regions through the long, two-way fairly superficial superior longitudinal and deeper occipito-parieto-frontal fasciculi. Our previous investigations showed that persons who ten years ago took part in the cleaning of the Chernobyl disaster consequences now had organic brain impairments accompanied by mental disorders. The present study was aimed at the comparison of EEG data and neuropsychological syndromes in these patients. EEG was recorded in 150 patients and included power mapping, source localization method and coherence analysis. Neuropsychological investigation based on Luria's method with evaluation of attention, emotions, praxis, gnosis, spatial functions, memory, thinking and was performed in 30 of the patients. The present study revealed, as typical for all patients, disturbances of hemispheric interaction. Neuropsychological findings and source localization analysis suggested predominantly subcortical damage namely of the limbico-reticular system. The observed EEG signs of the left hemispheric dysfunctions were considered to result from brain stem damage and were accompanied by pathological exhaustibility, deficit of voluntary attention and emotional disorders with elements of apathy. The right hemispheric EEG dysfunctions were explained predominantly by the diencephalic damage and were observed with elements of dysphoria in their emotional state, gnostic and visual-spatial disorders, and specific memory impairments. The present study was aimed at the comparison of EEG coherence mapping and motor reactions in right-handers and left-handers during different functional states. EEG from 16 electrodes, EOG and motor reactions by both hands to faint random sounds were recorded in 12 healthy volunteers (6 right-handers and 6 left-handers) during the states of wakefulness, slow wave sleep and awakening. In the state of wakefulness, averaged and alpha-band coherence was higher in most pairs in the left hemisphere in right-handers and in the right hemisphere in left-handers. During the 1st stage of sleep coherence revealed a tendency to decrease, especially in the alpha-band in the left hemisphere of right-handers. This process was accompanied by movement performance only of the left hand while responses of the right hand were absent. During the 2nd stage, coherence was increased especially in the theta-band in central derivations and both hands were unresponsive. Left-handers demonstrated opposite features of coherence and motor reactions during the 1st stage of sleep and similarity with right-handers during the 2nd stage. During awakening the recovery of specific EEG coherence asymmetry in right-and left-handers was accompanied by asymmetric recovery of movement performance. Responses by nonpreferred hands appeared first. Thus, topological analysis of EEG coherence allows to propose that cortical-subcortical interactions are more alike than cortical-cortical in the organisation of sensorimotor processing in right-handers and left-handers. Magnetic resonance imaging (MRI) provides the means for the generation of head models with a high geometrical detail. Errors in the generation of realistically shaped models are likely to be made, due to the identification of the different anatomical structures. The poorly conducting skull layer plays a special role, since it is known to have a large effect on the scalp potentials and is difficult to distinguish in MRI. If source localisation is applied to EEG, then the systematic errors in the parameters of the reconstructed sources are partly due to the misspecifications of the head model. -In this paper, the influence of certain head model parameters on the systematic errors of reconstructed dipole sources is investigated. Variations in the skull conductivity and thickness, as well as local variations in the skull thickness, are considered. In order to do so, the sensitivity measure is introduced, which specifies the amount of change of a dipole parameter due to a specific model variation. Sensitivity maps are constructed for layers of dipoles underneath the brain surface. The maps of dipole sensitivities show the local distribution of the systematic errors to be expected. The computations are performed by means of a derivative method, which utilizes a linearization of the forward problem.
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Methylphenidate has been an effective drug for treatment of ADHD. To evaluate improvement of attentional performance the Continous Performance Test (CPT) has been successfully applied. The aim of the present study was to investigate the changes of brain electrical field configurations during a CPT trial in ADHD boys related to Methylphenidate medication. 21-channel-ERPs of 17 ADHD boys (age: 7 to 11) elicited by the different cues of a CPT (Go / NoGo, Primer / Distractor) were analyzed with reference-independent methods. A data-driven segmentation of the ERPs of the individual Global Field Power (GPP) was performed. Preliminary results indicate significant electrophysiological effects after primer "O" due to medication. Especially in segments corresponding to P300 and late P3b range differences of amplitudes and GFP were pronounced. In conclusion, neurophysiology along with the applied reference-independent spatial analysis appears to be a method to reveal psychopharmacological effects on rapid changes of the brain electrical field configurations related to the execution / inhibition paradigm of the CPT.
